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A STRACT 

The Pfective di po 1 of d iry factory wa t i 

becoming incre singly 1 port nt in N w Zeal nd . Tr t ent by 

high- r t trickling filtr ticn is a succe ful thod in us 

overs a • ror New Zeal and conditions , •roughing • tre tment 

r oving 60 - 9~ of the OD of th WBste should be d qu ta . 

11 . 

On obj ctive of this res~ rch wo t he dovelopment of f ilt :r 

c p bl of providing this treatment . Anoth r objactive yas th 

r elution of the controver iae b tw6en the theoretical &nd 

mpiric l p rform nc • pr diction r 1 ticnships ev ilable for 

trickling filtr tion . 8 caus nitrogen i s r ceivinQ e gr a t r 

amph i pollutant , a third objective ~as th study of 

nitrogen removal in dairy waste trickling filtr tion . 

Th experimenta l uork primarily involvP.d tha u a or a 

pilot- c l trickling filt or . Thi s uae de i gnod u ing conven­

tional par meters . The filt er column waa an 16" diamet r , a• 
long concrete pip , fill ed uith rivEl' stone . An artifici al waet 

co pound d fro whey and water w s fed to the plant at con troll -

d r a te , b ing diluted with flow from a 25 gallon r circula tion 

t nk prior to pplic tion to th column. Th tra t d w t 

overflow d rro tho r circul ti on t nk nd w a di ch r ad . Th 

pl nt was op rat d t th high or nic lo din int en it! , 
1.3 - 2. 7 lb 00/yd day , nd at th high r circulation r ti 

or 20 - 5 : 1. The l v 1 f and organic , a oniac 1, 

nitrite n nitrate nitro n ere •••ur1d in ,. d nd e ttl•d 

etf luent d rr ont recircul 1 n r io • u• ua aue en i na 

r biom • collected fro he lent er in u ted und•r aar i 



nd en robic condition , in th pre nc of v ri ty of 

c rbon ceous and nitrog nou additiv • The nitrog n b lane 

or th 8 u pension wa tudiad . 

111 . 

The plant rulfilled it design runction or providing 

• roughing • tr tment , 88 it remov d 60 - 85% of th faed aoo . 
The eKperimental d ta did not upport tho available performanc -

pr diction r lation hip , nd h nee the controv rsi bat~een 

th relationship w re not r solv d . Th pilot plant perfor -

mance could be d scribed by the equ2tion 

v • 11 . 11a • J . 079X - 0 . 0342 x2 

uh re Y • % removal of pplied BOO 

X • recirculat ion r tio 

This equation , spocific to th pilot plant , pr diets an optimum 

recirculation ratio of 45 : 1 , which i s consid rably higher than 

th~ 10 : 1 ratio commonly u ed . Succe s ful op ration of the 

plant ua chieved et BOO : nitrogen ratios in the f oed of 

21 - 27 : 1, uhich are hi~h ar than the 20 : 1 maximum ganer~lly 

r co mended . D spit this hi gh ratio, typically 30~ of the f ed 

organic nitrogen ~as prasant in the effluent . There was no 

evidence of nitriric tion . Th nitrogen bel · nce xperiment 

provided vid nee of n t nitrogen lo fro th u pen ion • 

und r robic condition • 0 nitririo ti n under an erobic 

c nditiona followad nor al routae . 
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INTRODUCTION. 

The produce or New ZeAland 'a dairy ractori•• earna 

approximately twenty percent ~r 1ta overaea exchange (N.Z. 

Dept . of St ta. 1969)1 the aame factories produce at laeet tan 

percent or ita biological industrial ueat (B•nnett 1969) . The 

err ctive diapo al or thia waste 1 becoming incr ••ingly 

important for a number or reeaone . Firstly, d iry production 

i• incr•asino and alao, in ~en rel, ie the waste production 

from both r rm and factory. Because uch or this atsrial is 

water-carried, the graater uast production is incr sing the 

lo ding of pollutants on uateryaya in dairying ar&as . Secondly , 

amalg8~ation or smell factories into larger units is also 

causing higher pollution levels in stroams which w ro possibly 

able to cope with the di charge rrom th smaller units. 

Thirdly, there is tha recant upaurg in public interest in the 

pollution and cons rvntion of the anvironMant . This should tend 

to mak public authorities nora stringent in thoir enrorce~ant 

or pollution regulations, nd rr ctive ya te treat ant , or 

disposal, mars n cess~ry. 

Dairy r ctory wast c n be di pcs d or or treated by a 

l rge nu ber or ethods, as outlined in Tabl 1 • Oispos l y 

be by dilution with lar volu ee or w t r • auch aa in river t 

lake• and th• aea. Another ethod i pr y irrigation, onto 

p atutea er foreat nd cru • Tre t ent ay y any or the 

ethod uead ror do eatic waete, nd 1nclud ch !cal 

precipitation, incorporation into d ••at.ic eew • ror unicip 1 

i ••t nt, erobla proce ae auch aa the var1ou ror of 

trickling r11trat1 n, ctivated eludga nd oxidation pond, end 



2. 

Tabla 1. 

D iry Waste Di poaal nd Treat ant . 

Disposal riethoda Co•menta 

Dilution into lerg 

volume or water e.g . 

a, lei< , river. 

Spray irrigation on 

pa s tures, forost a nd 

scrub . 

Tr atment M thods 

Ch mical rmcipitetion 

Incorporation into 

~unicipal treat nt 

Activated sludge 

process 

Trickling filtr tion 

Oxidation Pond 

Anaerobic Treat ent 

Permissible only Yh re effect 

on ~ater ie li ght. 

Can be benericial if prop rly 

controll d according to 

conditione e . g . eoil, weather . 

Can be succea rul, but high cost. 

worthuhile if charge are 

ree onable . 

~uit• auccassrul, r quires 

little apace. Seneitive to 

load v riation . 

G nerally the aoat aucc aarul 

treetm nt method 

Large area required . ot 

co on. 

Co .d for xceaa ludo tro 

trickling f iltratian and 

•ct.lvated •ludge. L roe volu • 

and clo•• an rol , I' w waate 

re uJ.rad. 



anaerobic dig tion . Trickling tiltration is tho o t 

co monly f vourad m thad of treatm nt , it virtues including 

gr ter st bility under varying load than its clos t rival , 

the activat d sludge process . 

The tre tment of dairy uaste by trickling filtr tion 

w s chosen the basis of thi study . Tho investigation 

con ider d thra main topics: 

( ) The treatment of compounded d iry wa te by 

m ns of trickling filters operating at hydraulic and organic 

loadings gre ter th n used in normal practice . 

(b) A study of th any th oratic 1 nd mpirical 

relationships for filter design and parformanc and the 

applicability of experimental data to thes predictions . 

(c) A study of nitrogen relationships in thi type 

of trickling filtration . 

Other topics briefly considered were oxygen transfsr 

rates in the xperimental units, the bacterial composition of 

th growth on the unite , and the digestion or xceee growth 

by anaerobic me ne . Th literature relevant to sch m jor 

ection of th study i con ider d at the b ginnino of it 

r pectiv chapt r , althouQh inevitably there i eo • overlap . 

3 . 



CHAPTER 1. 

DAIRY WAS TE TRLATMEhT ev TRICKLING 

fILTRATION . 

INTRODUCTION . 

This chapter will deacrib the de ign end building of 

the experimental plants, their general day-to-d y operation, 

•• 

and an aa • em nt or their bility to treat d iry r ctory wa te . 

For this purpoa it ie divided in the rollowing annera 

S ction A: The collection or gener l background 

information and design data on tricklino 

filtration 3 a means or treatment ror 

both do estic and induetrial wa t • 

Section Ba The coll ction or inrorMation on dairy 

waste tra tmant, in particular by 

trickling filtration . 

s ction C: Th co-ordination of infor ation from 

A and B into the d aign or pilot and 

laboratory acale planta, and th• building 

or th••• plant• and their operation . 

Section 01 The coaparieon or the parforaance ot theae 

plant• with th •• cited in the literature , 
' nd a diecuaaion t th• auitabili y or the 

•~partmental plant• tor dairy w t• treat-

• 



SECTION As C£NERAL B CKC OUNO lNfOR~ATION 

ANO DESIGN DA TA . 

s. 

Organic u sta mat rial cauae pollution of waterways 

primarily because of tha oxygen raquira~ant of the material for 

decomposition . Th oxygen demand r&movea oxygen from the water; 

oxygen is thus le s availabla for tha normal aquatic f lcre and 

fauna . If the oxygen level falls below the limit for ny 

perticul r spuciea, that species will ~ova out of th polluted 

zone, if it is abl to, or it ~ill di , !ta d composition in 

turn incre ing tho oxygen deficit . 

The basis of th treatment or organic ~asta material ie 

to remove the dissolved or suspended organic matter from its 

carrier, uater, by conv erting thn 5ol1d into a recover bl form, 

such as eettleable olids, or into a l as harmful form, such aa 

tha ~etabolic products carbon dioxirle and weter. Th two mejor 

a robic processes ror the biologic~l cun1ersion of soli ds in thie 

way are trickliny filtration and activated sludg digestion . 

Both proces~ea do this by biological flocculation and precipitation 

by meana or bio a a grown in the treatment plants, but in activ­

ated ludge unite the biomas ia in auapeneion in th bulk waate 

liquid during •ration, whereas in trickling filtration pl nta th 

bio•a • ia supported on a ti~•d aolid support . In both caaaa ex­

c••• biomass i removed rrom tha eyete , nor ally by ••di ant tion . 

Trickling tilters can ther fore be con !dared baaically 

•• etatic- ba biological reactor• over which the reactant 

• terial tlowa . cKinney (19 2) de cribed th•• more crudely •• 

w• pile or rocka over which •• ge or orvanic waat • elo ly 

trickle" . T day there are • ny dirterent t rm• or trickling 
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filter , all ot which tit theaa baaic deacriptiona . The tilters 

may alao be daacrib d by a variety o' n mea, including 

sprinkling ,iltar , percolating filter, biologic 1 filt r , 

biofilt r and beet ria bed . The tar "trickling filter" ia the 

mo t co mon, although trictly speaking it is inaccurate •• the 

proceaa doe not involve filtration in the conventional aenaa . 

According to Stanbridge {1954), trickling filtration developed 

fro the c nturie -old practice of land application of aawaQe in 

1887, and so it is not surpri ing that filt rs have evolved into 

any difforant forms und r different n 

the present . 

Design Parameters 

s from th t period to 

Ther are four paramotare cf importance in the claeaif­

ication of filter• into their various types; these aa•a p r met­

ers are or importance in de iQn and perror ance aaaa sment . The 

param tere era organic loading intensity, hydr ulic loading 

intensity, recirculation ratio and efriciancy . The definition 

or th ae parameters i• co plic ted by the fact that th•r• ia 

controv ray over tha unit meaaur or a filter - ba ically 

whether it ahould ba expreaa d in terms ar horizontal area 

occupi d by the filter or on volu•• · The tendency in the u. s •• 
i• to use area aa the ba•i• , in contrast to the ritiah tendency 

to uae volu•• · The volume baaie will be uaed in thia theeie , •• 

it oiv•• more ••aningful ••••ur• or filter •ize . 

Ora•nic Load1na Inten• tx 1• n xpreea1on or the 1 • 

rate or pplication or organic Material per uni filter • aaure . 

The organic l ad ia nor•ally e xpreaaad in tar•• t bioch• 1cal 



or biological oxygen demand i . e . 800 . The 900 ia measured by 

a standard teat which determine• the oxygen demand or aewage , 

aewaga plant effluenta , polluted waters or industrial wastes 

exerted by (a) carbonaceous organic material usaable ea a 

source of rood by aerobic organism• (b) oxidiaable nitrogen 

derived from nitrite , ammonia and oroenic nitrogen compounds 

which serve as rood for apecific bacteria, according to the 

American Public Health Association et al (1960) . The test 

usually measures the demand over a period or five days , the 

samples being incubated at 2ooc . Hence arises the term five day 

BOO . The combination of organic load measurement and filter 

unit measure to provide an expression of organic loading 

intensity results in terms s uch ae lb BOO/cubic yard day , lb 

BOO/acre 'oot d•y , lb 800/1000 cubic feet dey , lb BOO/acre day 

and kgm BOD/cubic metre day . The term lb BOO/cubic yard day haa 

been adopted for the bulk of this theaie . 

Hydraulic Loading Intensiti is en expression of the 

volume rate or application or waste per unit of filter measure . 

It may be used to expreas the rate or application o' raw waste 

to the filter or , where recirculation is practiaad , or raw 

waste diluted with filter errluent . The unita uaad include both 

l•perial and u.s. o•llona. Some of the tarme are million gallons/ 

acre day , gellona/acre foot day , gallons/1 000 cubic teet day , 

g•llona/cubic yard day and cubic metres/ cubic metre day . In 

keeping with th• expreaeion tor organic loadinQ intanatty , the 

unit Imperial gallon/cubic yard dey wa• choeen. 

Recirculation R t19 ;iv•• an indication or th• deor•• or 
dilution of raw wa•t• being ted to the tilter with etrluent trom 



th• filter . eing a ratio it is dimenaionleaa and 1• detined 

a the difference between th diluted and undiluted hydraulic 

leading intensity divided by the undiluted hydraulic loading 

intensity i . a . 

R circulated flow rate - Raw waeta flow r te 
Raw waste flow r te 

a. 

The aff iciency or a trickling filter ia normally 

expraasad aa the percentage of the applied BOO that is r moved 

during treatment . 

Aa already stated, these four parameters for• the basis 

of the broad classification of trickling filters . One such 

claa ification is th t given by McKinney (1962) . Table 2 is 

based on this . 

Tabl 2. 

A Classification of Trickling f ilt r 

f ilter Type Hyd r aulic loading Organic Racirc . Eff ic . 

(racirc. & raw) Loading Ra tio 

tad(U. S. ) Ig/yd3day lb/yd:Sd y ~ 

Low Ra te 2-4 172-345 0 . 27-0 . 68 Nil 85-90+ 

High Rate 10-40 860-3450 1-2 o. s-10:1 65-75 

Super Rate 100( to .too) 8618 2. s-10 10- sos 1 65(-95) 

It ia important to note that the hydraulic lo ding• were 

not expr•• ed by McKinney on the volu•• ba•i• at IQ/yd3days the 

conver11an to thia tor waa an arbitrary one baaed on a '1lter 

depth or •ix teat . 

To aid in the daa1gn ot expari•antal planta data wa 

collected tro a large nu•b•r or aourcea on reco• endationa tor 

the design ot trickling t11tera , in general 'or do ••tic sewage 
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treat.ant. Th••• are preaented in Table l . Aoain , an 

arbitrary depth of' aix f'eet waa choaen to convert tlow ratae 

in mgad to lg/yd3day where necaaaary . 

Table l . 

DeaiQn Para"'etere f'or r 11 tare 

Author tilter f"low f'low Io/ydl Racir . lb/ydlday Depth 
Type P'load day Ratio Organic feet 

load 

Bryan l Super 2. 0 
Moeller 
( 1963} Rat a 

Bruce Low 81 Nil 0 . 17 6 
( 1969) 

Ecknnf'elder low 2-6 172-517 Nil o.1s-o.11 6 
A: O'Connor 
{ 1961) High 10-100 860-8600 6 

F'eir &. low 2-6 172-517 Nil o.1s-o .11 6-10 
(;eyer 
( 1954) High 15-JO 1293-2585 1 . 0J-4 . 6 6-10 

rair,Geyer low 1 . 1-4 . 4 95-379 Nil 0 . 13-0 . 67 5-B 
A Ukun 
( 1968) High B.7-44 750-3790 o . s-10 0 . 67-0.01 3-8 

Curnham Low 1-4 86-345 Nil o. 12-o . 2s 6-9 
( 1955) 

High 10-30 860- 2585 5 1 . 1-1 . 9 6-8 

Hanu•enulu High 340 1 . 5 1. 9 12 
( 1969) 

Heukalekian Low 3. 8 327 Nil 0 . 3-0 . 4 6-. 5 
( 19•5) 

"•diu• 6 . 3 5•3 1 . s 1.s 3 

Laaperanc:e Hi;h 10- 40 860-3450 0 . 015-3. 0 
( 1968) 

Super 200- •00 17,200-,., !00 s - 10 

Uitt•er Low Nil o.• s.s 
( 19•8) 
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Hu•ua Settling Tank 

An integral part of any trickling rtlter is the hu•ua 

settling tank. This is used tor romoving fro• the colu•n 

affluent surplus gro~th of biomass uhich is flushed oft the 

column by the flow of liquid through it . frequently also the 

raw waste being fed to the filter passes through a settling tank . 

There are many possible arran~ementa of filters and settling 

tanks; fig. 1 bsloY ahous examples of t~eso. Although settling 

tanks vary greatly in design. theoretical residence ti•es are 

a frequently quoted dosiyn parameter . Soae typical values are 

shown in Table 4 . 

~uthor 

Dairy rl esearch Inst . 
Prcgua (1 966) 

rair.Ceyer.Okun (1968) 

Curnhem (1955) 

Creeley {1948) 

Silvester (1959) 

rtltar Packing ~edia 

Table 4 . 

Settlin~ Timas 

Settling Time (Holding tlme ) 

2.6 hours 

1-2 hours tor 10' dep th 

1-2 hours 

2. s. 1. 6. 2. s, 1.25 hr (Different 
plants) 

3 hour (upuard r10~ pyr••id) 

A vary importent feature ot trickling tilter design 1• 

the choice or packing aatarial to aupport the •icrobial 9rowth. 

The table below (Tabl 5) auamariaea a nuaber of opinions on 

the requlreeenta or th• packing. 
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Fig.1 PLANT LAYOUTS 
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Author 

Gurnha111 

( 1955) 

rair & 

Geyer 

( 1954) 

Bruce 

(1969) 

Steel 

(1 60) 

ratr , 

Ceyer cl 

Okun 

(196 ) 

Table 5. 

r11ter ~•di Characteriatice 

'1edia aize 

( m x. 
dimension) 

2-3" 

1t -J" 

Plateriala 

Broken brick 

al ;, clinker , 

anthracite, trap 

rock, granite . 

Crushed atone , 

hard coal, coke, 

slag, wood, 

12. 

Properties Required 

Spherical, etrong en­

ouvh to ror • b d. 

Chemical resistant . 

Readily v ilable. 

Cheap . Large tree 

cro a-section . High 

Li quid retention . 

Small enough for 

l arge surf ce, but 

not all enough to 

ceramics, pl atics clog. 

1 -3t• 

Clinker, broken 

rock , Qravel, 

slag . 

Cruahed atone , 

ala; , ;ravel . 

2" aize i• a co pro -

i•• between surface 

area and non-clo;ging . 

"u•t withst nd phyaic-

al atreeeaa . 

Uniror in principal 

dimenaion • 95% P•••-

in; 4 aquare acreen , 

but held on 2 " 

screen . 



Siz• or Pilot Plant• 

An important aapect of any pilot-ac le plant i• that 

the reaulta obtained from thie plant can be meaningfully 

uaed for the deaign or rull-ecale plants . rcr thia to b• 

poaaible, the aiza or the pilot plant must be auff ici ntly 

large to pr vent distortion ef the results beyond what can be 

alloyed for by the use or scale rectors. Uil on (1959) made 

aome valuable comments on the size requiram nts of pilot-scale 

trickling tilters . Noting that the purification cnpacity of a 

filter is a runction or the available active surface, he 

co mented th t the ••all aize edia frequently us d in pilot 

plant work oftan gava •i leading r aulta because of the relat­

ively high surf ce area of small edia, but that this was pro­

bably compensated tor by the ors rr equent clogging of the 

small-medi9 tilters . He claimed a packing diameter of gr a t er 

than one- ighth the column di meter caused short-circuiting of 

li quid dovn the colu n walla, and that the smallest packing 

representative of normal pl nt uaaga waa two-and-a-halt inchas1 

on thia beai , tha minimum pilot plant di••atar should be 

eighta n inchae approximat ly . wilaon haa app r ntly made an 

error, possibly deliberately, in this filter diameter, a th 

product of eight and two-and-a-h lt ia twenty, not eighteen. 

The inrormation he gave i• n•v•r the l•• valuable for u e in 

pilot plant d••ion. 



StCTION 1 0 IRY WA T( TREAT ENT, Y 

T lCkLING rILTR ATION 

IN P4RTICULAR . 

, .. 

The following diacuaaion highlight• ao • ar the ejor 

development• in the applic tion or tricklin9 '11trat1on to th• 

tra tmant or dairy ractory u te . Experi••ntel work 1• given 

especial • phaaia . 

Oeiry waatea have been tr t d by the trickling r11trat­

ion proc•a• for t leaat aixty yeara . ~i•barly (1 909) de cribad 

•xperimental work on dairy weate treatmant, using batrled aedi n­

t tion unit• nd • nd bed r11t re . Th affluent 10 treated uaa 

Qonarally uncatiafactory . Twelve foot deep clinker filters foll­

owing che ical precipitation ware reco mended for dai ry waete 

treat•ent by ~erahaw (1914). A uni que wood l th type of r11ter 

Yaa u ed by Levine (1929) . He round that l actoa waa readily 

oxidised on thia and that a gr•ator depth or filter was necea ary 

ror th• equiv lent treat ant of ch•••• factory waatea th n normal 

dairy waatea, the rormer havin a lower nitrogen content . 

Rec ircul tion wa being uaed for dairy waetea fro an arly data, 

•• deacrib•d by Elridge (1 39) . 

A claaaic wo k on dairy waate r• t•ent we pu liahed by 

he Oapart••n t Sci ntit1c and I du rial ••••rch (u . K. ) (19•1) . 

Thi• wae the eault or eevaral year• or expari• ntati n ca~ried 

ut by th• U. k. ~ate P llution ••••r h Lab ratory . The • pert­

• nt• c v• ad ell •• ec • or dairy •• •• an het \ ••t• n • n 

•••11 and la g• ecala. The con lua1 na and reco enda 1 fta 

ecid•d n wera1 

(a) Th t the waate w•t•~• t • •il k lle ting and 



1s. 
dlatributing depot• and fro• ch•••• ractori•• could be aatia­

ractorily tr• ted in percolating f iltera and by tho activ•t•d 

sludge proc••• · 

(b) or th••• proceaaee, tr at~ent in eeri•• on two 

percol ting filters with perio11c change in order wae the most 

econoaical and conv nient . (Thi• process soon bee ~• known e 

alternating double filtration, or A. D.f . ) 

(c) That the plant should contain a stor ge and 

balancing tank or autticient ize to allow the tilter to b 

eupplied at a constant rat during twenty-tour houra . The crude 

wast BOO racom~•nded was not above 300 ppm, and , if above, 

dilution uith wetar or final efflu nt to this level wa considflr­

ed deairabl • The maximum hydraulic loading including dilution 

if nee a ar y yas not above 320 g/yd3day for tha pr imary f'ilt r . 

(d) That th re shoulu be sedimentation be tween and 

art r tho two f iltcrs, and the hydraulic loadino to th aeecnd 

filter should b the ae~e as to the rirst . The order of the 

filters should be reversed every two weeKs . 

Theaa reco •endatione provided tns b ais ror the deaign 

of 8 large nu•b r or trickling filter installations in th• 

United Kingdo1n . 

Southg t• (194 ) di cussed the treat ant or ~ilk wastes 

by the addition or co•oul nte , roll ~•d by ••d1•entatton and 

trickling filtration, nd concluded that both thia ••thod and 

altarnatino double t11trat1on ware proc••••• cspabl• r productno 

aatiet ctory atrluenta . 

Th• tact that •ilk w a •• are 

than domeatlc ••w•o• waa ••Ph••i••d 

or• ••anabl• t 

y Trebl•r and Ha 

treat11ent 

i ng (19.t ) . 
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They described trickling filtration plant• in the u.s •• 
capable or achiavinQ tha v ry high r te of re ov l of 9. 5 lb 

BOO/yd3day . Sadi entation prior to recirculation wa g nerally 

practi ad . 

Cloyna (1950) r ported on a laboratory study of dairy 

waste treat ent, using an eighteen inch diameter filter capable 

or depth variation or one to eavun fe t. He used a compounded 

waste composed or skim •ilk and water mixture. He concluded 

(a) that the rate or extr ction (i.e. organic load re oved/unit 

depth) increased with an increase in hydraulic loading, tor all 

filter depths . (b) That the average rate or extraction tor ell 

tilter depths was about the aame wh n the hydraulic loading 

(diluted) ~as kept constant and different recirculation ratios 

were employed . 

Herding (1952) co ~anted that for twenty ya re trickling 

filters had bean recognised ea the most practica l method or 
milk w ate disposal, and that th trend was to tha uae ot hi~h 

rates or recirculation (10:1 plus), high flow rates (20-JO •Qad 

plua), shallow filters {J . s - 6 rt), large media (3 - 3.5 inch 

di• eter), and store; capacity for twenty-four hour load 

equoliaation . An important co• ant waa that the trend wa1 to 

give at leaat an hour'• retention and aettling to that liquid 

diacharoed •• final ertluent rr • the tilter , and little or n 

settling to th• liquid bein; recirculated. Co•aon organic load­

ing• quoted were 1- 2 lb/yd3day , with 800 reduction• ot 90 - 7 

beinQ poeaibla. 

Aeration tanks tollowin high rate tricklino tilter• 

were auo ••t•d by Tr•bler and Hardin9 (1955) •• providing the 



b t tr tment tor dairy wa ta . 

Th aa (1958) , in a r vi w of d iry wa t tr t nt , 

co m nt d that low r ta f ilt r w r unsati factory bee ua 

the rat of tlow for given BOO lo d w a uch lower than tor 

do e tic ewag • The corr ponding d ere in tlu hing 

etion of this flow c u d clogging ot th tilter . 

A diacu ion of gan r l thod of d iry waat tr t -

17. 

ment by Wh tl nd (1959) f vour d alternating doubl f iltr ti on 

t n org nic loading of 0 . 48 lb BOD/yd3d y b d on th co -

bin d volume of the filt ra . An intareeting comm nt w th t 

on volume of d iry wast could be racircul t d ag inst a tan 

foot he d 170 time b fora pumping cost equall d r tion co ts 

to treat that waste volume by the activ t d sludge proc sa . 

A novel pilot seal trickling filter waa de crib d by 

Ingr m (1961) . It was a two- tag unit with recirculation , ach 

tags b ing t n f et deep , with air blown in t three foot 

int rv la . Very high organic loading of 18 . 6 lb BOD/yd3d y 

with 65 - 75% 800 r ov l w r claimed to be po ibl • 

Svobod (1964) de cribed the use of ingl -st g ferm n­

tation follow d by deep trickling filtr tion nd found lo ding 

could not b • high for d as tic a • • but that level , 
1 - 1.3 lb OD/yd3day era po 1 le . turth r r port by 

Svob da (196 ) tated that the tower til re ueed per • 
UC • tully even at • 1 n • p ratur• •• •• -14 . c. 

F'i•h (19 ) p eaented a review , he tr • n an 

di ••1 or dairy • •• an atate et he •• , 
trea a t tho de waa atne by pil a eel • tin , u hat 

t ic lin tilt at.t. n anerally prov• th• • • 
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Popovic f. (1969) clai••d that the ratention period ot the 

dairy waate on • tilter was highly aigniticant in the int rpre­

tation of tha tr•atment kinetic• . 

The foregoing comments and any other• on the deaign and 

u e or trickling filt•ra for dairy waste treatment are 

aummariaed in Tabla 6. 

Co•poynded Yaate for Uaa in Expari•antal Studies 

ror meaningful raaulte to be obt ined fro~ xperimental 

dairy waste treat ent, the waat uaed in the •xperi ent should 

be representative of typic l dairy waste . The conaiderebla 

range in BOD values or dairy uaatas is shown in Tebl 6. Hou ver, 

not only doaa BOO vary greatly, but alao th co po ition of the 

uaate, this being d pendant on the product• manurectured and on 

the oenaral anufscturing procadur .• Ganorally , dairy wsetes 

ara dilutions of the raw mat rials ueed end the products made . 

McOouall and Thomas (1961) presented the data in Tabla 7 for 

un di lut d ilk nd its li quid derivatives . The etrangth of the 

wasta depends on the degree or 1 akage of t h aa materi le into 

the yasto atream. Actual dat on waste production on the baais 

of milk procaasad or product anufactur d are not tr quently 

tound in the literetur•J ao•e re presented in Table 8 . The 

dirt rent types or compounded wa tea that h ve been uaed in 

axper i•ental d iry waate unite r pre anted in Table 9. 



Author No. of 
Stagee 

Davy (1952) 1 

O. R. I . (Pr~ue) 
(1966) , 

o. s.1.R. (u. 1 . ) 
(1941) 2 AOF 

Cekantalder l 
O' Connor (1961) 1 
Elridge (1939) , 
rraser (1968) 1 
Cloyna (1950) 1 

Curnhaa (1955) 1 

Hardino (1952) 1 

Hatch,Baea (1939) 1 
Ingra• (1 961) 2 

Plorg•n ' O•uaann 
(1957) 1 

1 

l'luare (1968) 1 

Trabl•r A Harding 
(1948) 2 

Yilaon (1946) 2 
\Jitt•er (1948) , 
Zack (1953) 2 

Lab. Plant , 

Pilot Plent , 

Teble 6. 

Pertor•ance or Dairy Uaate Trickling filt~e . 

Hydraulic 
Loading 
(racirc. I raw} 
lo/yd3day 

1360 

1700 

320 each 

160 comb 

1800 

128 
1545 

1400 

1680-2500* 
100 

15,SOO each 

277 
133 

500 

2480 comb 

1660 co•b 

480* each 

58, 800 

58, 8 00 

3471 
4912 
50S5 

6595 
8915 

9420 

Organic 
loading 
lb 800/yd3day 

1 . 64 

9 . 4 

o. 36 comb. 

1.42 

0 . 508 
1 . 78 

1 - 5 
3. 2 
1::2* 

0. 1 
18. 6 comb 

1. 135 

0 . 67 

s.o 

1. 93 comb 
1. 9 comb 

o.• 
0. 12 each 

1 . 04 

2. 13 

2. 6' 
3 . 38 
1 . 99 
1. 48 
t.84 
1.12 

wt. 100 
rnaved 
lb/yd3day 

o. as 

s. a2 

0.35 

1 . 31 

0. 46 
1 . 32 

2. 88 
1.41 

0 . 10 

13. 0 

1 . 1 

o . 64 

3. S 

1 . 74 

1 . 56 
0 . 30 
o.&a 

1.01 

2. 10 

1. 69 
2. 13 
1.57 
1 . 2'7 

1.Sl 

1.46 

C.tticiency 

:c 
eon l'•moved 

52 (not 

aettled) 

62 

97 

92 

90 
74 

Varied 
90 

90-97 
99 

70 

97 

96 

60- 80 

90 

82 

14 
94 

64 
81 

79 

87 

83 

85 

Raw Uaate 
Strength 

PP• aoo 

760 

1400 

Adj . to 
300 

1160 
537 

1150 

2500 

600 

1291 

546 

3720 

13SO 
2000 

855 

1030 

225-300 

612 

1237 

1620 

2078 

1172 

870 

1080 

1012 

Racire . 
Rat!a 

5 . 4i1 

1 . 54 :1 

Variable 

13. 5:1 

o. 3s:1 
10:1 

Variable 
10:1 

5:1-10:1 
12:1 

4 . 5:1 

7 . 75:1 

3.11:1 
1:1 

10: 1 

8:1 

, S1 ••• 

34U. Sa1 
34'4.St1 

2011 

30. St1 

28. 611 
38. 811 

S1 . St1 

54. 5:1 

Depth 

4 •5• 

4• 

7' 
6 ' 
1•-1• 
6-10• 

3 . 5- 6 ' 

10' 

6 ' 

3'6· 

s•s• 

4 ' 

•• 

8 ' 

•• 
8' 

a• 
a• 
8 ' 

11 



20 . 

Table 1 

BOO of Dairy Products . 

Material S day 800 ppm. 

Whole Milk 
Skim Plilk 
Butter ilk 
Whey 

Table 8 . 

102 . 000 
73,000 

64,000 

32,000 

Dairy \Jestes . 

Author 

(lridge 
(1942) 

McOouall 
& Tho aa 
(1961) 

Veal• 
(1941) 

Uhaatland 
( 1959) 

Waste Type 

Skim l"lilk 

plant waste 

Casein plant 
washing 

Cneaae 

Butter 

l actic: caaain 

Plilk collectino 
plant 

Butter r 

ch•••• 

Waste Volume 

1 . 2 Irrip.gall 
per lb. powder 

Twic volu e 

or raw milk 

0. 26-0 . 94 I . gall 
per lb cheese 

0. 71-1.JS I . gall 
par lb butter 

3. 3? I. oall par 
lb caaein 

o.1s-1 .s x vol . 
ot •ilk 

1-2 )( vol. , 
•ilk 

Waste Strength 

BOO ppm BOD 

Equivalent of 10% 

raw milk vol . as 
whey i . a . 1600 
ppm BOO . 

u1th o . s~ •ilk lou 
550 ppa 800 

If butter•ilk and 
whey uaed, 1500-
3000 PP• oo. 



Table 9 . 

Coapounded IJaatee . 

Author Compounded We ate 

Ada111ee 3 parts Hatmaker wh y powder 

(1966 , 1968) 1 part skim milk po\Jder 

1 g• mixture/litre 

o. s.I.A. (U . K. ) Dilutions of ~hay and 

(1941) •ilk to various strengths 

Ingram Cheese whey diluted with 

water 

Cloyna (1950) Paeteuria d and boiled 

skim •ilk diluted with 

water. 

21 . 

Strength 

660 pp11t BOD 

546 



SECTION C: THE OCSIGN, CONSTRUCTION 

ANO OPERATION or THE 

£XPERIMtNTAL UNITS. 

22. 

Two experimental units were built, th first a a 11 

laboratory acale plant and the aecond a larQer pilot scale unit . 

Th two plants were da igned ror dirrerent purpo ea and hence 

differed conaiderably. Both und rwent evolution ae more d sign 

information became availabl and a their oper tion demanded. 

Laboratorx Scale Plant 

Thi ~a• built within two w eka of the at rt or work on 

the ~asterate degree course and was operat d for e period of 

eighteen months . Its purpose was thr efold: 

(a) To provide source or biomass stabilised to dairy 

waste as seed ror a larger xperimantal unit. 

(b) To provide information on the general operation of 

trickling filters and on problems likely to ba encounter d in 

the operation of a larger plant . 

(c) To provid infor ation on trickling filtration 

uaing v ry high rates or recirculation, which ra easily 

obtain ble on a a all-acale plant. 

The plant waa built prior to the ccueuletion or th bulk 

ot the information pre ented in thi• chapt r; thi i• the reaaon 

tor •o•• or ite unconventional design. The aeic l•bout 1• 

hown in rigure 2 and Pl t• 1 and 2. It w • a two-inch intern l 

di• eter ol••• coluan ot f iv• to t leng h, tilled o the t ur­

toot • rk with roa••d polystyrene in the ror• t cylindrical 

places approxiaetely 2• x i• . Th• colu n we• titted with • 

plaatic pray nozzle i ••diately bov the packin , and thi• 



Feeding 
Port 

Spray 
Nozzle 
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Packing 

Recirculation 
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23. 

Fig. 2 

LABORATORY PLANT LAYOUT 

Appro><. to Scale 

1" = 1' 

Metering 
Pump 

Sampling /Draining Port 
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·NO SMOKING· 
I • 

• 

PLATE 1. 

LABORATORY SCALE PLANT . 



25. 

PLATE 2. 

FLORA AND PACKING OF LABORATORY PLANT . 
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nozzle wae connected by rubber tubing to the delivery eid of 

a meter ing pump . The suction line of this pu p led to the 

bottom or a ten-litre cylindrical glase vessel, into which flow 

fro~ the base of the column wes designed to enter . The plant 

uas deeignac as a batch unit., and for this purpo e was fitted 

with fe eding and drainage points . The column waa fitted with 

re•ovable cardboard covers to prevent algal growth . 

Plant Oper3tion . The plant was commissioned by filling 

the glass r ecirculation vessel to th~ five-litre mark with 

mixture of three parts uhey pouder/one part ski~ milk pouder at 

one gram per litre to give a theoretical BOD ( Adamsa, 1966, 1968) 

of 660 ppm. Tha pump ~as s t at 600 cc/minute; this gavo an 

hydraulic loading of sa .aao Ig/yd 3dsy . 

The daily procedure of plant operation was to drain ort 

half the volume of liquid i . e . 2' litres, and to replace thia 

~ittl 2! lltre5 or compound~d dairy waste of the formula above . 

A d~ily sample waa dra~n and stored for later determination of 

pH end lactoa level . (App ndix 1) . A daily log waa kept of 

plant operation, and changes to th plant were noted . 

Pl nt Perror ance. Within thra9 day or the at rt or 

operation . burr-colour d rawth beca e notic abl on the colU911 

packing . The lactose level in the daily saiaple dropp d from an 

initial level or 444 ppm to z ro within rourteen a ys or start 

up r th colu n end th re rtar w a generally z ro throughout 

the pl nt operation; n only eight occa•icma w a it round to be 

ove z ro . Jn. viav or the high degree or lactose r ov 1 1 the 

taed to th plant in ter of rganic load waa increased tuice. 
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One month after the start or operation it waa increeaed to 

1.s g• or powder •ix per litre, and after approx!• tely one year 

• ixture of 1. 7 g• whey powder P r litre or water was uaad . 

(Thi waa a dilution of the wh y powder concentrate b ing red to 

tha pilot plant at thi ti e . ) Bioche ical oxygen demand rs ov­

al ( Appendix 1) waa aaaured in th laat six ontha of plant 

operation; th••• raaulta are au meri ed in Table 10 . Ra tee of 

lactose removal were estimated from time to time . Th•ae are 

de lt with more fully in Chapt r 4 . 

Very little difriculty ~•• experienced in the operation 

or this plant throughout the eighteen onths . Little excese 

rlora was produc ed , the recirculation veseol bein9 cleaned only 

twice . The only proble~ waa tha occasional blockage of the 

column by excessively heavy grcuth. Thia was not unexpected, in 

view of the small aize of packing us d, with little void space . 

Pi lot Scale Plant 

Much more inrormation had been collected when the pilot 

pl nt wao designed than ror the l boratory plant, but the plant 

atill underwent evolution aa more inror ation became available 

and aa condition• de anded . The plant was deaigned with thr 

ain objectivea: 

(a) To aaeeaa th auitab111ty or a tilter operating t 

hiQh r - than- nor•al hydraulic and org nic lo dings tor the 

treatment r dairy waatea . 

(b) To pr vide tntor ti n on the rel tionehipa 

between hydraulic loading rate , organic lo ding rate and OD 

r au 1 . 

(c) To provide intor ati n on nitrogen rs oval in 



trickling tilter • and to provide a source or argania• tor 

detailed atudy or nitrogen relationahipa . 

28. 

To tultil thaae objectives, the filter had to be reason­

ably clo e to possible commercial deaign for valid co p riaona 

Yith other pl nt , had to have variability of hydraulic and 

organic loadino and had to have facility for the control of the 

variables affecting the yatam. 

The decision to deaign th filter for operation at 

hi gher hydraulic and or ganic loadings than normal w e m de f or 

two main r ea one . r1ratly, little work had been done on the 

treat ent or dairy waat by trickling filtration in thia r gion 

of loadings . Secondly, it yae deci ded that for Neu Zealand 

conditions ui t h rel tivaly mild raquir manta compared with the 

u.K. or u.S. 4. for the d gree of purity or waste water, the moat 

suitable type of treatment would b a •roughing • one simila r to 

tha t given by auper-rata filters . This i mpli • hi gh rota or 

organic lo d re ova l per unit or filter size, but o hi gher level 

of BOO than with lowar-r•te filters . Th hi 9h coa t or synthetic, 

pla tic edia for super-rate f iltere m kes their adoption in New 

Zealand unlikely, and it wa hoped that s imilar type or tr t-

ent could be ob ained by operating a rock edi filter et higher 

loading rate • 

ceu e or the limit•d fund• available tor tni research, 

the d aign and construction or the pl nt wa • awhet a c pro -

1 • batwe n what waa de !r d nd wh t equip n wea avail le. 

ft•r • period or evolution , however , • eati fee ory pl nt 

ar~ang ent u • dev 1 ped. 

Colu Si1• 1 Th tirat ite t be decided on w • the 
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iza of colu n . On the baaia of the comment• or Wilson (1959) , 

diacuaa d in Section A, a column diameter minimum or ei;hteen 

inches waa chosen . Ta aid in the simulation or auper-rate 

colu na, a greater depth than the conventional six t et w a 

d sired . Cheaply av ilable was a slightly damaged concrete pipe 

or eighteen inches internal diameter and eight and a quarter 

faet length . This u a choean on the baaia or th filter . 

Filter Pac king Med ia. Bearing in mind the information 

in Tabl e 5 , Sect ion A, an inveetigation was made or locally 

available supplie9 or media . The only meter i al suitabl found 

u s river stone . Stones of approximately ph rica l shape were 

chosen, and th se were roughly sized on a 2 ~ u square holed screen, 

stones passing through being discarded, as were stones approxim­

ately 3 ~ " or more in largest dimension . 

Settling Tank . Initially it URS propoeAd to allow 

sedimentation of both effluent being discharged from th ayetem 

and that being recirculated to the filter . (The paper by Herdin9 

(1952) recommendin g settling ror the diecharg d flow only had 

not been r ad t this stage . ) It was envisaged that the ~•xi um 

hydraulic loading including recirculation would not exce d tive 

times th high at loadin ror conventional plant• found in the 

literature. Inspection of the d t in Tabl 6 ahowed thi wa 

2 80 Ig/yd3day , ae Qiven by Tre 1 r and Harding (1940) . On the 

baaia or column volu•• c lcul ted at o.52• cu ic yards , the 

xi u• volu•• to b• handled by tha settling t nk Yorked out at 

6550 lg/day , or 273 gallona/hour . rro th data pre1ented in 

Section , Teble 4 , one hour h lding time w•• choaen as being 
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rea onable . Available waa a etainleaa steel t onk with a 300 

gallon capacity and a gently eloping bottom that had originally 

bean ua d for milk cooling . This was chosen aa the settling 

tank, and was fitted with an overflow pipe at the 245 gallon 

mark . 

r ed System. To simulate true induetrial conditions , 

the pl nt wae to b run on continuouc reed/continuoue outrlow 

basia . ror the commissioning period a whey/water ixture or 

approx! ately 1000 ppm 000 was proposed , on the baaie of the 

data presented in Table 6 and in T ble 8 . Cheese whey waa avail­

able free rrom the nearby New Zeal nd Dairy Reaearch Institute . 

Accurate metering or both the whey and water flow nd also 

adequate mixing of the two streams was required . An accurate 

met ring pump or suitable flow rango was available tor the whey 

feed, and it was proposed to use a constant head water tank 

discharging through an orif ica to supply Yater at a constant 

rate . The two streams ware designed to diachar;e at right-angle• 

to each other into a plastic cylindrical vessel of pproximately 

100 cc c pacity . The oritice uead after ao e trial and arror 

waa fro• a hypodar •ic syringe . 

It soon became apparent in the design ataga that aagragat­

ion or the intluent and the etf luent of the plant waa a probl•• 

with the aqulp•ent available . Thar• ware a nu•ber of poaaibl• 

arrangemanta . One waa a •ixin; tank aeparate fro• the aettling 

tank into which waa ted the raw reed and th• partially treated 

attluent tor raclrcu1at1 n. Thia arrang .. ant required two pu pa 

- one fro the eettling t nk to th• •ixing tank and another rr • 
thi• to the top ot the colu•n. Another waa arr ngin; the reed 
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to enter directly to the top or the colu11n . A third waa to have 

the read enter the settling vaaaal, but in ao • way be aagregated 

rro the tinal diachar;ed atf'luant . The first poeaibility was 

eli inated because at this aeaign atage only one pu p wae avail-

ble . The second waa elimin tad becauaa it would have ~ean very 

difficult phyaically to rrenga tha water reed tank t the top 

of the colu n. Th• remaining thod wa developed by fitting 

th auction lin ar th pu•p aupplying the flow to the tilter into 

a cylindrical vessel 8" diameter and 15" d•pth . Thi was punched 

uith holes and placed in the aettling t nk ao the top waa just 

above tha liquid urrace . The holes created euff icient resistance 

to the liquid flow for the liquid level in thi• auction veaeal 

to be below that in the surrounding aettling tank, thus minimia­

ing back-flow into the aettlin9 tank nd hence to the plant 

outlet . The feed line 1 a into the pu p auction v aael and w a 

thua segregated rrom the outrlow. 

It was decided on the basia or the lit r ture search 

that the org nic loading ror tart-up and general aintanance or 

the colu n would be 3 lb 800/ydlday . Thia waa higher than th 

valuea in co mon uae , but th aim waa to run the colu n at higher 

loadinga. ror the o. 524 cubic yerd colu•n th1a converted to 1. 57 

lb 00/day . On th baaia or a whey OD or 32 , 000 pp• ("cOowall 

I Tho••• • 1961) thla worked out at 4. 908 Io whey/ d y, and the 

• ar1ng pu p waa adju t d to thia . ror the water reed , thl• 

corr•apanded t a water fl w rate or 152 lo/day , and the o ific• 

tn uae at th1 ti••• a • aundera • valve , waa adjusted to thia . 

At the ti•• ot building the lan , 

nly n• pu p waa vailable. Thia w • a rub er iaphra;• ty • 
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normally used in ~ilking sheds , nd Qav• a flow rate of on 

g llon par minut • Thi• corresponded to an hydraulic loading of 

2750 lg/yd3day, with a recircul ation ratio of e . 2:1 on the above 

fe ed ing rat • This wa rath r lower th n desired, but it w a 

thought auitabl for commissioning th plant . 

Plant Commi aioning end Operati~ The plant wa op rat­

ed for period of oight months , and during that period undar~•nt 

considerable evolution until a satisfactory arrangement w s 

developed . The major changes are shown by a comparison of Figs. 

3 and 4, th ~ original and final layouts . Pl tBs 3 and 4 show 

the final arrangement . 

De t ai ls or the d8y-to-day operation or the plant and the 

metho J of coping uith minor problems ere given in the ~lant Lo~ 

5ummary in Appendi x 2 . Only the major chsn9es are conaid red 

in the discussion b low . 

The plant u s brought into op ration by fillin ~ the 

settling tank to tho 245 gallon mark with wat r incorporating 

4. 9 ga llon or rew whey, and 2. 5 litr es or fflu nt from the 

1 borntory plant es a d . Thi& ae ding was continued on a daily 

b aia for two w aka . The d•v•lopmant or a flor w•• notic•d 

uithin two d ya or the at rt or operation . Th t d to the plan t 

waa atartad on the fourth dey , but proved too atrong , nd th 

whey rate w • soon halved . Jn the r1rst 1ix weak• or peration 

an air pu p was frequently used, aa w a the aettling tank 

a itator, in n ett mpt to control the tendancy for pH dr p 

in thia vaeael . This ••ttlin tank arrange ant proved unaatie­

factory , eapaci lly when it u found difficult to re ov axceea 

ludo• which f lcatad to the top and created an dour nuiaance . 



Metering 

Pump 

Whey 
Tank 

Scale 
1cm=1" 

Fig. 3 

ORIGINAL PILOT 

PLANT LAYOUT 

Water 
Tank 

.... 
.... .... .... .... 

X-Section .... .... .... 
Settling 

Tank 

.... .... .... .... 

1 Feed/ Recirculation 

Vessel 

33. 

Filter 
1--f+-

Co I um n 

Return 
Line 

Stand 

Recirc. 

Pump 



Fig. 4 

FINAL PILOT 

PLANT LAYOUT 

Insulated Whey Tank---..u----, 

Feed Water 

Temp. Control 

Water Tank 

Scale 
1cm =1~ 

Recirc. 

Tank 

Filter 
1---#---

C o I um n 

Return 
--::;...._-44-++--

Line 

Pump 



35 . 

I 

I 
,. R!1 
t 

PLATE 3. 

PIL OT PL AN T LAYOU T. 



36 . 

PLATE 4. 
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In vi w ot tha pep r by Harding (1952) th large settling tank 

uaa bondoned and a small (25 lgal) recirculation tank was 

fitted , with provieion for aottling the rinal effluent . This 

provision was used for only part of the op ration as required . 

ror test purposes the samples drawn could ba settl d in f laaka 

as r equired . ~ neu centrifugal pump was titted to thia arrange-

ment; this pu p had the flow range desired for later experiments . 

The plant performod much better under this flow pattern . 

no th r major modification to the plant was the convere-

ion to a uhey pouder concentrate for feed . Thie became necese-

nry ~hen ~hoy b~came unevailabla at the end of the dairy ea son . 

The uhey pouder uas reconstituted with water to form a concentrate 

S. 67 lb whey pouder/10 gallons yater i.e . 5 . 67~ w/v . Details of 

whey and watar flou rates are given in Tabla 10 . 

Other modifications include the fitting of a wat r-heated 

coil to the recirculation tank aa a means or controlling temper­

ature . The water temperature waa controllad, and this gave a 

good control of tank temp&rature, aa shown in Table 11, Chept r 

2. A surraca scrap•r davice was fitted to the recirculation 

v ssel to aid romov 1 of wash d-out growth from the column . 

Th outst3nding difticulty in the operation or th column 

ae n experiMent 1 unit was in tha control or the recirculation 

pump f lo~ r te at the value aet by a gat valve in the outlet . 

Crowth of f lor occurr d in the pump line1 and also in the pu p 

i"P•llor it alr, esp eially at the higher ratea of flow. 

Cleaning th lin • nd he pump waa found to • necaaaary approx-

1 taly twic we kly . n attempt to ovarco•• this probl•• w a 

••d• by tltttnQ • rloat ccnatent level d•vice to e re d tank •t 
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the top or the colu•n, the level conetroller 1witchin9 the 

recirculation pump on and orr . Thi• was aucceaaful in controll­

ing flow rate and cut back the cleaning required, but the pump 

motor h d a mechanical tart mechanism and the rrequent suitch­

ing caused heavy carbon build-up on the switch end fr equent 

railurs . D&spit these dtrrtculti s, tha plant supplied conaid­

er bls experimental data . 

As mentioned in the introduction, the invaetiyation 

cov ered thra major are3~. The expariments of r9levance to thi8 

chapter wcrs the collection or data on the performance of the 

plant es a truatment of dairy waste . This is basically an as ~s•­

ment of tha ability of the plant to re~cvo BOD . BOD removal 

maaaure•n~nts wara made at a varioty of feod rates and stren~th& 

and of rccircul tion ratios. Tha axp~rimental methods u ed ara 

described in ' pp&ndix 1 . Tho ra~ulta ara summarised in Ta ble 

10, and also in Tabla 6 and ora pr eoent d in mer dateil in 

Table 11, Chapt r 2 . 
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T ble 10. 

umm ry of Pl nt Parfor nee. 

PILOT PLA T 

Yh v r ed "' tor re d Cc bined f'low Rat ecirc . Av r 9 Org nic Org nic £ff lei ncy 

lg/day lg/d y f"eed R t incl . Recirc . Ratio f" ad BOO Loading Re oval % 
lg/yd3d y lg/yd3d y pp lb B O/yd3day lb BOD/yd3d y 

3 . 51 81 . 81 162 . B 3471 20 . 3:1 1620 2. 637 1 . 686 6 

3 . 51 a1 . a1 162 . B 4972 30 . 5:1 2078 3 . 381 2 . 734 81 

3 . 22 85 . 83 169. 9 5035 28 . 6 :1 1172 1 . 991 1. 574 79 

3 . 22 S. B3 169 . 9 6595 JB . 8:1 tj70 1 . 478 1 . 274 87 

3 . 22 85 . 83 i69 . 9 8915 51 . 5:1 1080 1 . 835 1 . 531 83 

3 . 2~ 85 . 83 169 . 9 9420 54 . 5:1 1012 1 . 719 1. 461 85 

LABORATJRY i:.L NT 
cc/day cc/day 

75 2425 170. B 58 , BBO 344 . 5:1 612 1 . 04 1 . 01 97 . J 

75 2425 110. a 50 , 880 344 . S :1 1 237 2 . 1 3 2 . 10 98 . 8 
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Both planta proved able to operate aatiaractorily in 

tarme or their ability to withstand varying feed atrengtha and, 

for the pilot plant , veryin; flow rataa, nd still produce 

effluents of reasonable quality . 

The laboratory acale plant waa very rar rrom conventional 

design and it is unlikely that commercial plants would aver oper­

ate at the high rlow rate or 59,000 Ig/ydlday uaed, or as batch 

plants. Co pariaon of th perfor~ance with typical dairy waste 

treatment ia th rafore not particularly valid . However, it can 

be aaid th t this plant consistently produced aff luenta of very 

high quality from coMpoundad waatas of frequently high strength, 

and that the high flow rate uaed did not appear to be detrimental 

to the treat nt . The plant had very feu probla s in its 

operation, and the usa or lightweight roamed polyatyrane packing 

media points to a possible co ercial development . 

The pilot scale pl nt waa much cloaer to co mon de ign . 

The plant proved able to pertor• the type or treatment tor 

which it was designed, in that it provided a • rou;hino• type of 

treat ent with a high re•oval or BOD on weight baaia per unit 

volu••• but a lower etticlency in ter•• or percent applied OD 

re•oved than aany typical plants. Th• effect or the high flow 

rat•• uaad 1• diacuaaed •ore fully in Chapter 2, but it can be 

aaid that at th••• flow rate• no blockage ot the coluan occurred , 

•• ould be expected with conventional planta operating at the 

high organic loading• uaed . The relatively lar;a edia and depth 

et colu•n uaad probably alao aided in thia , the tor••r by pr vid-
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ing greater void apace and the latter by incraaaing th• vertical 

tlow rate par unit of horizontal area and hence the flushing 

action . Comparieon of the plant'• perfor ance with unite 

described in th literature (Table 6) ahowa that, while the 

ff ici ncy of the pilot plant was generally lower in ter a or 

percent applied BOO removed, the removal cf BOO on a weight 

baaia per unit filter volume was generally higher. In conclua­

ion , a plant designed on the baais of this pilot plant could be 

exp cted to give a aatiafactory • roughing• treatment to dairy 

factory ~astn . 



CHAPTER 2. 

PCRFOR~ANCE-LOAOING CHARACTCRISTICS or 
THE TRICKLING FILTER . 

INTRODUC TION. 

41 . 

A ajar objective or tha experimental work was to a••••• 

the effect of flow rate and recirculation-ratio variation on tha 

performance of a dairy waate trickling filter operating at the 

high loadings uaed in the experimental unita . It waa hoped the 

data collected could be uaed for studying the many theoretical 

and mpirical relationships available for performance-prediction, 

and testing their applicability to the experimental plants . 

The majority or the operating equations used in filt er 

design and parformance prediction have bean devalop•d e pirically 

from collectod data and operating experience. Becaueo of tho 

absenc or theoretical baaia for these predictiono , and because 

or rrequent contradictions among them, great need axiate for a 

unified, theoretically baaed approach to the analysis or trickling 

riltar performance . Th•r• have been several attempts at this, 

and three or theae are considered below . None ha , aa yet , had 

any wide practical application . 

TH[ORETICAL APPRO CHES . 

Herbert (1961) and Herbert et al (1956) developed an 

appro ch for the analyaia or continuoua culture ayat••• · Thia 

approach haa bean vary eucc eaful and haa had wide practical 

pplication . Ita application to trickling filter analyaia 1• not 

without probl••• · In cleaeifyin; contlnuoua culture ayate•• • 
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Herb•rt (1961) pl c d tricklin filt r 1n grouping de crib d 

a clo d , heterogeneous nd two- ph d. Thia cle ific tian 

impli a no c 11 loss from th sy t m nd an inability to r ch 

ste dy tate and true continuous op ration . Both thee i plic-

ationa are untrue of trickling filt r , al o is th d cription 

tuo- ph e system. Thr e phaaea, ga , liquid and solid, r 

import nt . Al o , the ~erbert-atyl n ly is wa originally 

dev loped for pure culture sy tem ; trickling filter h ve a 

mixed culture. 

Despite the e di screpancie , the basic style of appro ch 

uaed by Herb rt c n be ppliad to trickling f ilt r nalyaia , a 

w demonstrated by Oehn and ~onodj mi (1968) . Th ba is of the 

n lysia is that tho p rformanca or a continuous cultur ystem 

i . e . the removal or build-up of ub trates or organisms u pend 

on tuo main factors . Those are tho rlow characteri tics of th 

r eactor and the kinetics of the reaction taking pl cs . 

The flow pattern c n be expres ed by the distribution of 

th residence times of the flow particles , ccording to Danckw rt 

(1953) . Th two extram s of flow type re plug flow nd compl t-

ly mix d flow , o t ra ctor h ving tlow p ttern b twe n th • 

ror co pletely ixed flow the ag dietribution or p rticl a in th• 

etrlu nt r ng a ram zero to infinity , nd y be repra nt d by 

an equati n nd iagr •• ho n in f i r• s. Ot' plug f lo-.. 1 11 

the p rtlclea hav th • aJ.denc 1 1 alao how in 1 • s. 

lt tir t - order ra ction cur a 1n th• • and P i u t 

d n ta the pert or enc , th •v '· • th• , action , th• 

rJ.g.lnal r actent nee tr ti n inJ.n in the er lua t , n 
00 

p • f .-ac 
• dt • 
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wher• k ia the reaction rate constant and the other tar•• have 

meaning• already darinod . ror complete ~ixino 

p • 1 where • 1 + t k q 

for plUQ rlow 

p • e -kt 

The uaual techniqua for calculotinQ the performance or a real 

ayete~ ta, according to Sehn end Monadjemi (1968), to baee it 

entirely on plu~ flow or on completely •ixed flow and to drau 

concluaiona on this beaia. A pecked colu•n tuch as a trickling 

filter generally approximataa to plu9 flow, tha approximation 

depending on the viacoeity, density and velocity of the liquid 

and the eize and shape or the packing . 

In their approach to the reaction kinetics or a trickling 

filter ayatem, 8ehn and ~onadjemi uaed assumptions different to 

those of Herbert . Thia waa probably neca1a1ry beceuee Herbert's 

kinetic analyeia was developed from pure culture, oinQle aubatrete 

considerations . The starting points ror the more complex situat­

ion or • trickling filter ere that the kinetics or biological 

oxidation or organic material follow a r1rat-order reaction, and 

that a direct consequence or the biological utiliaation or 
organic •aterial ia the ror•ation or new cell•. Organic ••t•rial 

concentration , •• expr••••d by eoo, and cell concentration ••Y be 

co•bined into on• expr•••ion •• done by Keahevan, Behn and A••• 

(196~) 

dl • - K l N 
~ 

where l • BOD concentration 
K • Rate aanatant 
N • bacterial cone. 

If a canetant yield or bacteria tor a given BOD reduction 

1• •••u•ed , then 
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a 
dl • - a where •• yi•ld ., t.he flow is aeaumed to be plug, then 

JI!:. dt • - f( l N 

The integration or this expra aion is the major difficulty in the 

application or this type of analysis . Integration is simple if 

the reaction of 900 removal i simply f irat order. Ae already 

shown the efficiency may bo oxprussed in this case by 

p = L~ = -kt 
P s fraction BOO remaining 
lo • initial BOO 
L a f 1nal BOD 

Thi is the starting point or analytical procedures u ad by 

Howland (1957), Schulze (1960) and £ckenfeldar (1961) . These are 

considered mor fully below. If, however, an •~pre a i on incorpor­

ating bact rial numbers as well es 000 re•ov 1, euch as that or 

Keahevan at al above, le used, integration is much mar difficult . 

The problem is to obtain meaningful values for N0 to N, for a 

system as co plex as a trickling tilter, where b ctarial concentra­

tions would b• very difricult to determine . The Herbart style of 

approach, aa developed by Bahn and Monadjami , is a uaeful one and 

will have •ore application •• ditticulti•• •~ch •• that above 

are overcome . 

rair , Cay•r and Okun (196 ) approached the whole iaaue 

of waata tra tment kinetic• in a new way. providing a poeaible 

basie for a un1tied approach t rickling r11tar analyaia . Th• 

following d1acuea1on 1• baa d on thi1. Th• baeic c ncepta t 

wat•r and waete-water •nginaerlng can be included ln a co on 

wtaul , and be auae th• prJ.nclpal perat.iona and proc••••• of t eat­

· ent are alaw, he rate at which \hay proceed, ~ather than the 
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position or final equilibriu ia important . The ti•• dapendenc 

ot th ae ret a rolls into the ar of r action kinetic• or tr n -

fer kinetics or both . An incr• e in ape d ia si9nificant in 

that 1t llow• reduction in plant aize . 

Biological treatment c n be considered ea a seri•• or 
interr l tad oper t1ons, fir t in time and importance being the 

tran fer or 1 purities from the uaates to th til • S cond in 

tim end, equa l in importance, i the pr aerv tion of the qu lity 

of the contact between the us s t es and t ho r11 , this being dona 

by oxidation of the organic matt e r and by new cell aynth sis. 

lnterfeci l transfer i s conaidered to b the rate determinant , the 

purification preaeura being a function of the cone ntration of 

removable substance• and the removability of the fractions. A 

i~ple equation axpr asing BOO rsmoval in a biological tr atment 

plant i 

dl 
'Jt • k ¢ (L) 

where k = re ction rate cons tant 

¢CL)• function or BOO cone. 

t • treatment ti • 

The following ia preaented by reir et al •• a Q n rel 

equation for waate tr• teent inc rporatino the relevant phyaical 

variable• 

~h•r• k • ini ·tal react! n rate prior to oditication 

y phyaical etr•cte 

• intart ctal conta t ar a/volu etri capacity, 

and meaaurea h• ettect or in •rtace on k. 
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exp[~ {~;:!0J giv•• th• tnrluence or temperature on k, 

according to van • t Hoff - Arrhaniue . 

¢ (C) gives the influence of conjunction opportun­

ity on k. C i• • velocity or ehear gradient 

and depend• on power input, vi•coaity and 

detention time . 

accounta ror the variation in k with time 

or the relative amount ar treatment accomp­

liahed, L/L0 

n • conatant depending on reaction type. 

Aa already mentioned, treatment 1• 1 aeries or inter­

locking, ortan concurrent operations and may be considered in 

atapa or as a whole . Uher• a aeries or aynchronoua end inter­

locking reactions can be characterised by an overall reaction rate 

conatent k' the overall cons tant ia the sum of the components 

K • ( k 

On this baaie, the general treatment equation above can 

be applied to trickling filter •nslyai• by individually consider-

1nQ th• component reaction and their contribution to en overall 

k, or their influence on k. 

A general equation for tricklinQ rilter perroraance ia a 

tirat order or retardant f irat order one or the type 

wh•r• td • detention or 
contact ti•• 

The following '•ctor• 1ntluence th••• beaic equation• 

•• explained below& 



aper tion, and is best det rm!ned by tracer echniqu • although 

for ule re av ilabla . 

T mperatur Effects , Thes m y ba consid red to follow 

a v n•t Hoff- Arr henius type r lationship, which can be simpliri d 
T2-T1 T-20 , to wher • 1 . 040 ! o.oos for nd T i in oc . 

Nutri nt . nd Substrat Th e ay 

b incorpor ted on the basis th t the contrclling op r tion of 

biological treatment are (a) int rfacial transfer and d orption 

of organic uestes on biomasses (b) the support of these biom ss s 

by nutrient • Int rfacial transfer and adsorption can be expre s­

d as retard nt first ord r r ction . So lso can ub trate 

utilisation by the bioma s if it is as umed that th organism ar 

normally in action c of the grouth curve in Fi gure 6 . Hence the 

rate constants of thes reactions can be directly incorpor ted into 

an overall rat cons tant, if they can b determined. Their deter-

mination is th m in stumbling block in the application of this 

pproach to trickling filtration, but i a much sier with ctiv t d 

ludge, wh r b nch-sc l t ting 1 ral tively e y . 

Nu bar 

or 
c ll• 

Fig. 6 

i 

8 cte ial Cr wth 
Curve 



Ua1tul Power _Ditaipation, Thia ••Y be expreaaed tor 

tilter• •• kg • J gph/Vtd 

where p • proportion or ueerul power that enter• th• proceae 

,,...c.<.- • abaolute viacoai ty or the liquid 

td • detention time 

V • kinematic viscosity 

h • depth 

Thie ractor kg •ay alaa be incorporated in the overall constant. 

Thua an overall purirication equation with • theoretical 

basis ror trickling filtration incorporating the errect or all 

t he relevant variable• ie 

On integration this yeilda 
- 1 

L • 1 - (1 + n9T-T 20 ~ k. t) -: tor n) o -lo 

L • 1 -e,..p - 9 T-T20 ~ k. t tor n • o -
Lo 

L • 1 ro f'or n • 1 

The baeic difficulty with this approach of r11r , Cayer and Okun 

i• the determination or the nu••rical valuea tor incorporation 

into the overall cons tant. Thi• require• laboratory or laro•r 

acale teating ror each •ituetion which, aa already ••ntioned, ia 

•ore difficult tor trickling filtration than activated aludge. 

Scale-up ia a •ajor proble•, ae detailed tn Chapter 1. However, 

the uni,ied approach to biological treat•ent i• a very valuable 

one, highlighting the i•portant phyaical vari•bl••• and i• p•rhapa 

•ore adequate ror the co•pleM eituatian ot a trickling tilter 

than the aore ai•ple Herbert atyle or approach. 



50. 

Atkinaon and aaaociatae in a aoriee or p para tro 1962 

- 1968 preaanted yet nather pproach to the enalyaia or trick­

ling f 1ltera, on the baais of the development or a valid mathemat­

ical model . The na d for a new approach to the probl• waa 

stated by Atkinson, Busch and Oawkine (1963). They claimed no 

existing theory or model adaquataly described the situation in 

trickling tiltration. Swilley nd Atkinson (1963) clai• d all 

previous models ror trickling filtration conaidared the reaction 

as being paaudo-homogen oua i.e. the biological oxidation proc •• 

is 1 plicity eaaumed to take place throughout the liquid film 

with no ditfusion l reaietance to retard tho r ta or reaction. 

Oxygen availability was not consi dered limiting but rood vail­

ability was the 11 itin~ factor. The model envisaged was a 

spongy, fibrillar biological ~ass t hrough which the liquid flowed . 

(Figure 7.) With this type of system recirculation can b shown 

to be advantageous , and is accountable by an increase in liquid 

film thickne s creating an incraas in errectiv• reactor volu a . 

If the reaction la not considered to occur throughout the film 

but rather at th int rraca between the microbial and liquid 

til• i.e. ia a aurrace reaction, the rate will be dependent on the 

rate or tranarar rrom the liquid to the •icrobial layer and the 

rate or r• oval tro• this-layer. (rigur• ?) The errect or 

t•circwlation on pertoreance tor peeud •homogeneou• and aurtaoe 

aod•l• can be predicted •• ahown in rt;ur a. 
A kinaon, Swilley, uach and 1111••• (1967) de crlb•d 

experiment• to det•r•lna which or the model• wae the valid one. 

The apparatua u••d waa a alopino parepex plate on which ~•• grown 

a h1n layer t rgenie••J the ••dlu ueed w•• glucoa• wlth nitr•t• 

•• • aou~c t axyg•n. y varyin9 th liquid tlow rate and the 
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Fig. 7 REACTION MODELS 
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ngle or the support surface the valid •odel w s deter•ined . 

fhe h•terogen ous yate with liquid ph se diffusion l r aiet­

ance wa decid d on . It wa• concluded th t liquid ph aa 

diffusion had considerable influence on reactor perfor ance . 

Atkinson nd Daoud (1968) proposed as a •odel ror the 

•icrobial ass individual organisas, with an outer in rt diffuse 

zone and n inn Hr r action zon , ac ttared through a gel . They 

de onatrated that n analogy of a heterogeneous catalyst particle 

w s valid, nd that diffusional li itation in the icrobial 

mass was 1 portent . 

Atkin on, 0 oud and ~ illia s (1968) presented a paper to 

co-ordinate the concepts or the previous papers, and the following 

co plex equation Mas given for the prediction of reactor per-

f ormance . 

r • ( 1 +I ) c ( '? , K, o) - I 

where r • fraction of r actant retained L -Lo 

a 
\ = b Lo wher 

k1 d L* 
r • a + b l* • • reation r te per 

1 + kJ L* 
unit ar a or 
biol f il • 

and L* a cone . at interface 

d • lid r11. thicknaaa 

C • I + t 

wh re t • di 1 nleaa concentration 

~ 
0 ') . where 0 • dltfusion coerrtcient , h • 11 uid fil• 

thickn••• 

her :z. • aact r lttnQth 

U ax • 11 uid f 11• eurrace eloci y 

The ettect or altering th variables or the aqu ti aa predict 

-• -- •••w •fue Uf •• .. .., •----.·- • and the predict! na 
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were coaparad with experimental ruults. In ach case th• 

predictions agre d uith the exp riaantal result , nd the errecta 

are presented diagra atically in rtgur• 9 . 

The author concluded that they had d veloped a viabl 

axperi ental tool for the study or icrobiologic l reactiona and 

a theory that allowed the biological coerricianta to be determined 

nd used in the design of biological film reactor • Tha • con­

clusions uould not appear to be entir ly juatif ied . Recirculation 

r te increa e is considered detri entel to parformanc on the 

basis or the pr dictiornor Atkin on et al , yet high recirculation 

is n est bliahed factor in the perror ence of high rate f iltera, 

permitting high loadings and high effici ncies . It contribute• 

to uniformity in plant loading and flexibility of operation , and 

'seeds' the rau ~aste . It also ensurea that oxygen ia not limit­

ing . The conclusions of Atkinson et al are no doubt valid for 

their experimental equip ent; tha qu stion is whether their odel 

is a valid one for a trickling filter . On the basis of the 

infor tion collected for the d sign of the plant used in this 

th is, as given in Chapter 1, tkinson•s odel would appear to 

b r ther far re•oved fro true tricklin filter . Hia treat-

ent of the •icrobial aaa nd ita likely arract on pertor•ance 

ia not p rticularly adequ te , and in •• sari•• or axperi enta 

the layer f argania•a waa deliber t ly scraped tt to a thin 

til • o bala cad tlora at the type pre ant in trickling tilt ra 

could be ••P cted to develop under uch condition • T • t eoret­

ical a pro ch of tkinaon et l uld not appear to be the anawer 

t rickli filter analy ia, and it at be concluded that n 

iti• thaoretical a roac r practical applieatt n to trick-

!!~t? '!ltrati i · yet available. acau•• or thie , aor• 
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conv ntion l pproaches with 1 a theoretical backi~g are ore 

co on, nd om of the a are di cussed below. 

MORE CONVENTION AL PPROACH(S. 

Behn (1963) and Behn and Monadjemi (1968} presented 

r views of the operating equation tnat have b en dav loped for 

trickling filters. The following di cusaion is baa d on th ee 

revie~a, although other information is included. 

The National Research Council (19 6) preeented one of 

the earlieet operating quations . It w e b a d on data coll cted 

fro nu•ber or u. s. ~ilitary posts, and was given ea 

P • , oo I 1 + ri t " 

~here P is the percentage efficiency in terms or BOO removal 

~nd n are co fficients and 1 is tho loading intensity. 

for a single stage filter, the equation given was 

P • 100 / 1 + o . ooas~ Yhare L ~ applied BOD lb/ 

acr rt day 

V • vol. filter acre rt. 
f • r circ. factor. 

Velz (1948) pre ent d hi well-knoYn •b sic law ror the 

p rr r•anc or biological tilt ra" and t ted that •the r t or 

xtraction or organic aatarial p r unit interv 1 or depth or a 

biological bed ie proporti al to th ra eining c ncentrati n or 

rganic •atter, • aaurad in ter• of it r ov bi\ity• i.e. 

dl LO - k O 
CiD • - l l 1 . • · r; • ex 

where L • re va le B 0 applied tC • rate c natant 

l • r vabl• D at e th D 

ot Velz and Stack (1 ?) aa ad th r• w•• a li•itin 1 ad bove 

o~-'-• • ~ u.1, (1 \ ....... --··- ---- '·- ~-, 
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assu ed this wa a runction or the stor o c paclty or th bed , 

and developed equ tiona baaed on rtrst-ord r rat or removal 

or this . Stack con idered the r11ter would saturate at various 

depths in sequ nee . Behn (1960) considered the whole theory or 

satur tion required rurther variricatton . 

ratr and Goyer (1955) first pr sented their theory of 

the rate or BOD re oval baing a •odif ied f iret-order reaction . 

Both depth and contact ti a ware consid red poasibl alternative 

tor tha basi or the rato xpr sion, as the follo wing equations 

shou . As already shown, ratr, Geyer and Okun (1968) considered 

ti1ne alone . 

or .!!h. II - f( l (.l ) n 
dt \ La 

where t = contact time 

Howland (1 957), in contr st to Velz and Stack, supported 

time of contact rather than depth aa tho basic parameter, giving 

th followin g operating quation . 

!!!:-. = - Kt l 
dt 

i l - Kt t •• • - = • 
la 

Sinkorr, Porgas and McDermott (1 959) st ted contact ti~e 

in gen ral could be giv n by 

(
A
0
v:\ n 1 wher t • c, 0 ) C1 i con t nt 

n1 vari•• with tilt r ••diu• 

0 • d pth 

= tlow rat /area v • apeciric urtaca ara 

Eckentalder (1961) uaed th above two equation• in dif-

ied ror•, allo~ing for • d er •• in active til• with epth to 

obtain 

l 
la • • - 0 1 -

Q ft 



57. 

He further aoditied this to a retardant tor• to allow for 

ditrerent re•ov l rates ror difrerent constituent to obtain 

L • 
La 

1 
, + C3 0 1 - II 

Q n1 

where C3, m, n1 are constants 

ror rock filtere treating domestic sewege he obtained 

1 

1 + 
2. s o o. 67 

0 o.s 
where 0 is in teat t.4 is in mgad 

A ea, Behn and Collings (1 962) developed a athematic l 

o Je l for the tricklin J filt er b~ s ad on a chemi cal en gineer ing 

type packed colu n, Yith a component in the liquor, BOO, being 

absorb d into th sli e and undergoing a rir s t order re~ ction . 

Through mass balanc es and parti a l dirrerential quetions they 

found 

L zf.J + (1 - /3 ) exp - R 
La R + 1 

Yhere R s K and K • rtrst ordsr coefficient 
oc...Ov 

k • mass transfer coefricient 

o<. • &quilibrium constant 

f3 • non-trana~i• bl BOO fraction 

f> • liquid denaity 

ado (1964) exp ndad the exponent ae bel w 

- k Av -1;«• 1 - • R + 1 - p i k Iv f' 

Thi ia in the f ra or an varall • aa traAeter c etf icient 

Thi 

on t 

incr 

• 1 
-r-v 

• 

overall coettici n 

daor t1 
, -k v 

e in with dep h 

c n iate or two individ al re iat nee , 

nd one to l'a cti n ~. llowJ.ng tor an 
" 

and a deer•••• with tlow rate he r1nelly 
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obtained 

1... • ,S + (1 - 13 ) exp - K1 D • where K1, • and n 
La iJ'lf 

are constants. 

ror an eight root experi•ental model , he ev lua ted the 

constants to obtain 

L - o 61 o 0 . 628 
-- • 0 . 1 + 0 . 9 exp ~·~~--~-­
L8 u 0.440 

Galler and Gotsaa (1964) proposed the rollowin9 operat-

ing equation, baaed on a large number or data and ~ultiple 

regression analyeie. 

l • 
8.31 la 1.1 9 (1 + N) 0 . 28 

(1 + 0)0 . 67 T0 . 15 (C1 + ) 02] 0 . 06 

Wher L, La are in lb/ ere day N = recirc. ratio 

T in °c a2 R undil . hydr ulic load, •gad 

R circulation 

few or the operating equations above apecirically incor­

porate the errect of r circul a tion on fllt r performance . The 

first atte pt to quantitatively d fine the effect of r circulation 

wae gi v n by th National He earch Council (1946) . Th y devised 

• recirculation ractor which waa the ratio by which the true 

volu .. or th filter could be •ultipli•d to obtain the errectiv• 

react r volu••· Th nu•b•r or erractiv• p••••• throuoh the 

r11tar w•• d tined •• 

F1 • 1 • y where • rate or recirc. rl w 

I • rat• or lntluat tlow 

Hence f' • ( 1 + Yi) j 1 + ( 1 - t) y 2 

where t vae th availability tact , accounting r r t d r•••• 
!~ tr~~t~-!l!ty ~!th !~~raaaing r•circulati n. The maxi•ua 
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r circulation ratio could thu• be tound from 

t . ( 2 r - 1) / (1 - r) 

The equation or Eckenralder (1961) can be odified by 

a recirculation factor ! a N to obtain 
I 

L. 1 
La (1 • N) (1 + 2.s o a.67) 

Q 0.5 
where a • diluted 

- N 
flow •gad 

The equ tion of A•ado (196 ) may be ai•ilarly •odifi d 

to obtain 

l -
0 61 D 0 . 628 

D 0 . 1 + o . 9 8Xp - --·..-...--c~1~---~-- 0 4A + ) 02 • ~ 
La 

1 + 0 . 9 N ( 1 - exp -

~here u2 • undiluted hydraulic load, gad . 

As has ba n shown, there are many operating equations 

vailabla ror the prediction of the performance of trickling 

filters . Their approach and basis is varied, as are their 

predictions . E•pirically based equations will probably continua 

to be used until e satisfactory theoretical b is haa been 

developed . 
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As indicated in the introduction , the objective of thi 

section or the experimental work was to a seas the rr cts of 

flow rate and recirculation ratio variation on the perfor ance 

or the pilot filter . Basically, thi was done by eaauring BOO 

reduction (Appendix 1) at different r tea of flow through the 

filter . By controlling the rate and strength of feed, temp rat­

ure , and flow rate through the filter it was hoped the true 

eff ct of flow rate variation and recirculation ratio could be 

assessed . 

reed Rate and Strength 

Whey or whey concentrate uas fed at a constant rate by 

a staring pump and was mixed with a conetant flow of wat er rro 

an oririce in a constant head tank . Initially, ray wh ay of 

uncontrolled strength was us9d, but for most of the BOD testing 

a concentrated solution of s . 67% •·'1v wh y poudor in wat e r was 

used . The concentrate wa stored in a refrigerator until use, 

wh n it was placed in an in~ulat d container uith a tuenty hour 

reeding capacity . 

f lo Reta 

Thia w a controlled by a gate valve on the exit line 

tro• th centrifugal pu11p . The rate w et by aaauring th 

rate of flow in th• filter return , uain~ the ucket nd top­

vatch technique. 

T perature 

Thia va• cantrolle y ana or an 1 raed t t y-ro t 
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constant temperature tank was recirculated through thia coil . 

The water temperatur was 9 ner lly 22 - 23oc , th 1• being to 

control the waste liquor temperature at 2ooc. 

EXPERIM£NTAL R(SULTS . 

These are au••arised in Table 11. Control of some of 

the variables was not as successful as desired and this made 

interpr tation of the results more difficult . 

Temperature control was successful, as can be seen in 

Table 11 . Control uithin the one to two degree variation shoyn 

was very reasonable for the system used . 

The most difficult variable to control was the flow 

rate through the filter . As discussed ore fully in Appendix 2. 

the growth of bio~ass in the recirculation pump and lines made 

it very difficult to control the output of the centrifugal pump 

for more than a few days . A constant displacement pu~p would 

have helped overcome this dtrriculty , but no"3wes available in 

the desired flow range . Cleaning the pump and lin a was necees-

ry ev ry four to five d y , esp ci lly at th higher flow rates . 

Erfectiva control w obtained at the highest flow rate by ean 

of a con tant head/float switch device . Despite the known 

vari tion or rlow rate fro• their set pointa , the values for 

fl w r te w1tt• t k n a those a t . Thi• wa juat1f 1ed • flow 

rate waa checked every tew daya and the linea nd pu cleaned 

aa n caeaary . 

OD loading var! • 1n Table 11. The w tar and 

whey fl w rate• were ro d t be constant , and t e v riation 

ust have bean in the atrength of ha co centrete 1taelt. T a 

_00 -~~t ~~ ~~t ~ - f~Ylt; •• d rl!eataa vara 9anera1ly within 
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Table 11. 

Plant Parformanee . 

f1ean 

reed 
aoo 
ppm 

Mean I 
Cf'fl. 

BOO 

1490 610 

1470. 630 

1647 492 

1690 602 

1740 692 

1660 475 

1520 570 

1750 476 

1.620 

2.041 447 

2390 550 

1800 425 

2078 

1330 195 

1240 270 

1330 68 

880 146 

1229 207 

1260 137 

1210 282 

950 242' 

aao 247 
1170 305 

1320 3£&5 

1220 19? 

1220 257 
1330 192 

1010 280 

1170 380 

1180 312 

1172 

980 87 
760 132 

570 

1080 115 

1080 237 

070 132 

1·030 52 

925 137 
1090 140 

1490 405 

1070 162 

101-2 

900 

f'J.ainoved 

ppm 

sao 
840 

1150 

1078 

948 
·nas 
950 

1274 

1593 

1840 

1575 

1215 

1070 

1262 
634 

1013 

1125 

926 

708 

633 

965 

9?5 

1023 

9&3 
1138 

?JO 
790 

808 

893 

628 

965 

6.4J 

73.8 

9'1S 

186 

95.0 

10fl5 

908 

% BOD 
Removed 

59.06 
S7.14 

69.82 
64.17 
54.48 
11.39 
62.50 

72.80 

63.92 

1a.og 
?6.99 

07.50 

S0.86 

91.35 
86.29 
94.89 
72.04 
83.03 

89.13 

76.69 
?li.53 

7·1.93 

'73.93 

73.86 

63.85 

78 .93 
85.55 

72.23 
67.52 
6-8.47 

79.07 

91.12 

82.63 

66.S? 

89.35 
17.ss 
aJ.45 

tM.93 

94. 95 
85.19 
8?.16 
7-2.82 

84.06 

04.97 

aco 
Applied 

lb/ycl3 

. day 

2.426 
2.393 
2.601 
2.735 
.2.633 

2.102 
2.4?5 

2.849 

2.537 

J.321 

3.891 
2.930 

3.381 

2.260 
2.107 
2.260 
1.495 
2.073 
2.1·41 

2.055 
1.614 

1.495 
1.988 

2.243 
2.073 
2.1373 

2.260 
1.716 

1.988 
2.005 

1.991 

1.665 

1.291 

1.478 

1.035 
1.BJS 

10835 

1.478 

1.750 
1.572 
1.ss2 
1.843 

1.a1a 
1.719 

000 in BOD 

Effluent Removed 

lb/yd3 lb/yd3 

day day 

0.9514 1.686 

2.734 

0.4167 1.574 

0.1941 1.274 

0 .303? 1.531 

0.2504 10461 

F'eed 

mgad 
(US) 

2.63 

2.63 

F'low 
mg ad 
(US) 

53.767 

77.015 

77.903 

138.068 

2.63 145.913 

I 
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five to eight percent , and the r aulta in Tabl 11 are averages 

or these duplicat a . Bacterial action in the concentrat pro­

bably caused the v riation in BOO levels or the re d . B cause 

of the ai•ultaneoua sa pling of feed and effluent for BOO 

testing , it waa still valid to calculate BOO reduction on the 

ba is of these sa~plea, despite the known day-to-day variation 

in feed BOO levels . 

DISCUSSION or RESULTS . 

The results of the pilot plant experiments are plotted 

in rigure 10, to determine the relationship batw~ n BOO removal 

and recirculation ratio, the objective of thie work . The 

scatter is considerable; this was expected in view or the 

dirficulty in controlling the variables . Ssvaral atte pts were 

made to fit a curve to the eans at each recirculat ion ratio . 

By using the technique of curvilinear regr ess ion, a outlin d 

in Appendix 3, a parabola ~ith the charac t eristics given in 

Table 12 was obtained . 

Tabl 12. 

Cquatlon or Parabola Through ~eans 

y a 17. 778 + 3. 079 x - 0. 0342 x2 

where Y • ~ r••oval ot applied D 

X • recirculatio ratio 

Standard error or eati•ate (on •eana) • 2 . 1701~ 

Index or correlati n • o. 99•2? 

Thi• titt•d th •••n• very well . rad1ct1on or reac r perter­

•• ca on the baaia or thla curve would t give exact reaulta , 

waver , ecause or th great spre•d a ut th ne . T • 
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standard deviation or the widest spread la 9. 33% BOO reduction 

about a aaan or 7~ i.e. at a recirculation ratio in the pilot 

tilter ot 28 . 6:1, only 68% or the predictions tor BOO re110val 

would be within 9 . 33% BOO reduction either way of the predict d 

mean u ing th equation in Table 12, assuming the di tribution 

of BOO reduction to be normal . Mora data would have to be 

coilected at different recirculation ratios, e pecially in the 

upper region, for the curve to be reinforc d. However, despite 

the wide spread or results, the implications or the quation are 

~orth noting . It predicts an optimum BOO reduction t a recir­

culation ratio or 45:1, with an equal rate of fsll-ofr in BOD 

reduction about this optimu~ point . Recirculation ratios of 

up to 45: 1 gave improved BOO reduction, but ra·tios higher than 

this had a detrimental errect on plant perrormanc • This 

optimum recirculation ratio is much higher than used in normal 

practice . On the basis of this work it appears th t r circulat­

ion ratios up to 45:1 would be advantageous in a dairy waste 

treatment system designed on a si•ilar basis to th experim nt l 

pilot plant . 

Predictione baaed on tha theories and operating equations 

diacuaaed in the op ning aoctiona of this ch pt r can be vi wed 

in t r a or the data collect d rro the pilot plant . ror 0 

or the tltaories and equation•• the xperiaent 1 d ta ia not in 

e uttable tor• or i• not co plate • ough and cannot be us d . 

The Harb rt atylo ppro ch 1 ruled ut ror th1 i tne 

c plax aquati~ t rair, C 1 r nd kun. Th dat c nnot be 

ire tly u ln th equ tio • or tki on t 1~ ut the 

1 p11catio or th •• uthore th t ec1r-culation 1.a not advant-

agaeua tn view or rtltar p rr r nee is t aupparta • alt ough 
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The expe.rimant.al d t do prodtct an optt u . recirculat1on eat.to. 

The data cannot be u cd in llolz • qu tion a depth 

dependence of BOD remov l was not investigated.. Si ilarly 1 

because time of contact t.sas not measured , the data cculd not be 

dir ctly used in the equations of Howland , Folr and G y r . 

However , on the eanumption that titne cf contact i ppi-oxim t ly 

lnver ly proportional to Plou rate, th~ data de not support 

th e qu ticno, as attempts to plut · f low rate vr.irau etfic:iancy 

on semi- logarithmic paper ~s a tr ight lino w r uncucco srul . 

As the equation re of exponential forrn , thie s:lot should have 

be n linear to upport them. 

The data were able to be uoed in the operating equations 

listed below . In many c aee they required conversion 1ntc suit­

able units e . g. 1g/yd3d y to mgad (u . s , ) Tho procudure in 

each case ~as to pradict the af riciency in ter1 a or 600 remain-

ing in the sf fluent on tho bas! of the applied aoo and of the 

relevant parameters for that particular equation (Appendix 3) 

Thia prediction was plotted v rsua tho major v riabl , flou 

rate . The actu 1 mecn eoo remaining was also plotted , and the 

gr ph produced gave a cc p rl on or th ' fit ' ct the pr diction 

to the ctu 1 r ultE obtain d. The pr dieted point do not 

always 11e on • •cnooth cur e •• would b• •ucp cted. Thi ls 

eau•• th te d ~at r t w varl. d lightly •t c · tatn otal 

hyd u11 #ate , tl • - ale b 

ppl! d •d• t th df.tt r nt fl 

us or th• wide tange in 

t•t • • , 

T t 1 ving e ua 1 n •r• pl tted. 
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fIG . f1 

NATION~L RESEARCH COUNCIL (1946) . 

P • 100/~ .. o .ooa~ ~ where l • applied BOO lb/acru day 

V a filter colu e, ecre feet 
r = recirculation factor 

L. 
La 

l -
La 

l • 

• 

P c ~ re oval of applied BOD 

flG . 12 

CCKENfELDER (1961), ~UO IFilD f~H ~£ CI R C ULAT I ON . 

, 
(1 + N) (1 + 2. s 0 0. 67) 

l.J o.s 

F I G. 13 

~PIAOA ( 1946) • 

- 0 . 61 o • 628 
0 • ., + 0 . 9 exp { 1 + 

' a2 

where O • depth, foot 

N = Recirc . flow 

0 . 44 

Infl . 
a • dil . flow mgad 

L • BOD remain ing 

l 8 • BOO applied 

1.0 + 0 . 9 ( 1 - xp - o. 61 o o. 62& o.4•) 
[ ( 1 + N) Q2 ) 

where 2 • undil. flow mgad 

FIC . 14 

CALLE ND COT (1964) . 

0 . 31 l. 1.19 (1 + ) o. 2s 

(1 + 0) o . 67 T 0 . 15 (1 • ) 2 
0 . 06 

where L, La are in lb/ecr 
d y 

T in oc 
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Nona or the operating equation• deacrlbea the actual aituatton at 

all aucceastully. The prediction• elao contradict each other. 

All but the Galler and Cotaaa plot predict a plont performance 

batter than that obtained . Nona predict the optimum flow rate 

found . All bar Callar and Coteae predict an improved pertormance 

with increased flow rate. 

It ia not aurpriaing that the experimental data and the 

prediction• do not aoree. Conorally, tha hydraulic and organic 

loadings used were above thoso for which the equations uere 

developed . Tho waste being treatod uas different also , aa the 

equations were usually for domootic aowage. Tha phyaical arrange­

~ont or the plant wee unconvontionol for normal aewag~ treatment, 

in that settling was not provided ror the recirculated flow . 

raed strength varied considerably . Th plant was under constantly 

varying conditions ea the hydraulic loading ~as vari ed , and 

poaeibly did not al~ays atabilise to tho now conditions; certainly 

the biomass veriod in compooition , es JiacuDaod i n Chaptor 4 . 

Oisagreument betuoon predicted and actual BOD romovel efficiency 

could thus bo oxpactod. 

CONCLUSIONS 

The experimental data on SOD removal in relation to 

hydraulic loading tata and recirculation r tio do not eupport any 

or the theoretical and empirical pred1ctiana on filter p•rfor•­

anca in which they can bo uoed. Yho data fit a curve deacribed 

by tho equation 

Y • 11. 118 + 3 . 019X - 0 . 0342X2 

where Y • ~ BDO re oval 

X • Recirculation retia 
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Thia •quet!on 1& epec1r1c to thl• tilter and could not be validly 

applied to other plante. Recirculation ratios up to 45 : 1 

appear to improve r11ter efficiency . 

The data doea not reeolve the controuaray over theoretic­

al and empirical predictions tor trickling tilter partarmance. 

Thay do provide informat ion on performance in loading regions 

higher than ncrmelly used tor this type of tilter . Thay serve 

to emphaaisa that it !a extrornoly difticult to predict trickling 

filter pertcrmance, end that availeb!~ operating equations ehould 

be applied uith cauticn. 
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CHAPTER 3. 

NITROGEN RELATIONSHIPS l N TRICKLINC YILTRATIDN . 

INTRODUC TION . 

Nitrogen h 0 been of intere t in wa:ste treatment 

inc13 the very rly et gas of' the d v lopment of IJl!St 

tr atment yet m:s in the l at t r part or the nin teenth century . 

There are conflicting theories on the pathways follow d by 

ni trogon in trickling filtration . Littl e work has been done on 

nitro gen relationships in dairy waste treatment by trickling 

filtr tion . The aim of ·this section of th9 uQ rk was to collect 

informa tion an nitrogea relationships in dairy w~ste treatment 

by hi gh rate trickling filtration, and lso , to investi gate the 

path~ays followed by tMa nitrogen . 

SURVE Y or PRE VIOUS WORK ON NITROC£N . 

The Rction of the nitrogen cycle of most import nee 

in waate tr ea tm nt is summ risad in the Table below. This is 

ba d on work by Cckenfelder (1966) . 

Aa w te trsat ent methods have develop d oo ha 

int rest v ri d frc m p rt to port or this cycl • A charoctar-

1 tic of low rctG Pilt r 1 nitrification. Early work u 

concmntrat d n thB nitrificotion •t p or th cycle . Interest 

in nitr1r1c tion w p rticularly ctiv b cau ot con urr nt 

iAt re t in nitrification in J.le . ·or the pa t thirty year , 

n incr ing • ount f attanti n ha b n gt •n to nitrogen 

ollut nt , and th whole or th cycle co • t re ter 

import nee , aapeci lly with r gard o ov· r 11 ni troo n r oval . 
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Tabl 13 . 

itrogen Cycle . 

Org nic 

Synth sia 

Organic 

+ o2 Autoxidation 

H3 + co2 + H2o 
-~----------------~----

o2 Nitrification 

2 + 2 
0 nitrific t.ion 

iricatio 

d y ( - 1 05) r nt a erie er& th 

i ch ic 1 xi tio of c clu d hat t oxide i n 
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occurred in two st:;1ges . The first was oxidation or the carbon­

aceous material to c rbon dioxide, ammonia and uater . The second 

uas oxidation of' the nitrogenous material to nitrite and nitrate . 

Beesley (1914) investigated the rate of nitrification of 

number of substances and found they all nitrified at the same r ate . 

Barritt (19J3) found the pH range for nitrific tion was 

s. s - 9 . 2, the opti•um being 6 . 7 - e. o. He claimed the inhibitory 

act ion of organic matter could b accounted for by accumulation of 

carbon dioxide and a monia, and deficient aeration . 

The concept that a tricklinQ filter efflu nt should have 

a high nitrate level was discount d by l•hoff (19 1) . The proport­

ion of nitrates to oth r nitrogenous materials was consider d 

important , b cause the nitrates represent the end products of 

nitrogen breakdown . Therefore in a good quality effluent the 

proportion of nitretes should be high . M0 re aff icient use could 

be aade of nitrogen if it uas r eta ined in the sludge for land 

application . Typically, an excess of nitrate production occurr d 

when the filter was overloaded with sludge. This did not occur 

in high rate filt ra as exc se sludge was ~ashed out . 

Viehl (1941), in a discussion of the pres nee of nitrate 

in ertluents , concluded nitrate w a not n cea ary, th tru criteria 

at a goad etrluent being th t it w a cle r, had low BOO a"d oaa 

diaaolv d xyg n . 

n investigation or tactor• artacting nitrification was 

ade by H•ukalakian (1942) . a c ncluded that th presence or 

aaple oxygen and aapl numbers of n1tr1tyin or ani••• w • i port­

ent. In contrast to. earlier w rkara, h r und nitrificati n waa 

not dveraaly atf act d y carboneceoua • t ~iaI. provided utricient 

nitrogen ua 1tater-ial was pr• nt t"or ita breakd n , and th•ra waa 
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d uate a ration . With low rat tilt r lt va round th t o t 

of the organic m tar! 1 w a re ov d by the upper action of th 

tilter , nitrific tion occurring in the lower region , where oxyg n 

yas ore vailabl • As th lo d increased , the nitrif ic tion 

zon oved down the filter , until in high r t operation it waa 

not pr ant . 

To lin on (1942) devi ed thod for eaauring the 

nitrifying activity or a filt r . This was by r oval of baskets 

of medium fro th filter nd by incubation of u p n ions of 

f lor w shed from thes in rat d conical flasks , with 10 pp 

nitrogen add d a a oniu ulphate . 

Haukelakian (1945) conducted a series of experiments for 

a comparison of low and high rats filters . He claimed the 

pre ence of nitrate in a filter effluent was not so uch a ma sure 

of the purification s a criterion of the biochemical condition 

of th bioma s . He confir d that the production of nitrate and 

nitrit in high r t filters was uncom on , but w s consistently 

high in lou rate filt r • A t chnique we devis d for detection 

of the presence or nitrifying organisms . This con isted or aking 

n queou u p nsion of ludg rro the f ilt r , inc'orpor ting 

om fraah s w g nd r ting it for tw nty-four h urs and 

uring the co ponent • y this n it confir d that 

nitritying oro ni re well t bli d in oth typea or tilt r . 

It c nclu ed th t th 1r erenc e two typ .. ware 

ua it _tiva rath r th u lit tiva and th t 1 the hi hr ta 

tilt r thor • 1 uff icJ.ent i • , r nltra pr u i n. 

d naon n C odrich (19 7) de c 1b d xperi• ta\ ln a ... \ 
trickli tilt r p 1tically i ne f r nit ificati n. They 

tound t aft a a nt ri yin tilt ' a lt r ld han le 
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ttled 9 t uch ioher r t th n a t n rd filter . 

ohl n (1948) further e ph aiaed that littl or no 

nitrification occurred in high r te filter • 

The o.s. J.R. {U . K. ) (1958) report d that nitrification in 

filt ra d er s d rkadly a te p r tur doers sad . 

A major paper on nitrification in the activated sludge 

proc s wa pr nt d by Downing , P inter nd knoMle (1964) . It 

includ d work on the growth of nitrifying b cteri in pure and 

ix d cultur , in co pl t ly ix d aeration tank and in activat-

ed sludge plant • On th basi o f this uork it was conclud d th t 

( ) A inimum period of aeration wa n cessary for nitrific tion . 

It had to be long enough for the nitritying organis 

in the aludg • 

to d v lop 

(b) The mini u period was proportional to the 000 of the w t 

and invers ly proportion 1 to the sludge concentration . 

{c) The growth r te constants of the nitrifying bacteri depended 

on the sewage and could not be pr dieted . 

The Depart ant of Civil Engineering , Univer ity of 

ewe a tle- upon- Tyn (1965) pr nted a r port on tudie carried 

ut on nitrog n in trickling f ilt r • To d ter in th nitrifying 

cap city of th bio ••• u pensi n r th li• war er at d in 

the pr as nc ot a niu ulph te . O nitrifying capacity \.18 

1 ilarly ti t d und r an er ic conditi n • The cone ntration 

or nitrate in t tt'lu t d er•• ad a th hy r lie 1 ding 

incr ed . 

l kriahn nd c nral (1 9) (a) pre nt 

n nltritic tion in trickling il T y acr1 d rk J.th 

11 • ilt 5 in 1 • • in 1 n t • c with 1 

a chlg r n • n 1• rl • Th y d velo ad • pare• t 
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nitrific tion rel tion hip i 11 r to t t of Eck nr lder (1961) 

for BOO re ov 1 . 

% nitriric tion • 1 • 1 - - D/ n --0 

where • oni influent cone . 

so • ef flu nt onia N cone. 

K a reaction constant 

0 • depth 

Q • hydraulic loading rat 

n • con t nt 

Their conclusion wer 

( ) That hy d r ulic loading rate had profound ff ect on 

nitrification . (Note : Recirculation was not pr cti ed . ) 

(b) For the packing us d with specific surface of 67 rt2/rt3 , 

at 3ooc . n w s 0. 49 nd k was 0 . 65 

(c) There w~s very good corre lation betueen specific urface 

of the media end nitrification rate cons tant . 

(d) Ta paratur had larg influence on nitrif ic tion, the 

r ta increasing with ta p rature rise. Depth of filt er was also 

import nt , an incro ae i proving the nitrification. 

ln Trickling r ltr tion 

A def 1nite 1 vel or nitrog in r 1 tion oth r 

c on nt i r quir d in wa te in treat d by a trickling 

tilter . Th r have be n nu . r or rep r in lit ratur 

• t th l vel t thi r quir n • 

L vin (1929) , u d , in xperi t on a wood 1 th type 

tilter. th t c ••• f ac ory t a with a lower nitr g c nt nt 

th n l dairy w t r quired r tar f il r apth for 

ade ua tre t nt. 
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rritt (1 31) ound uaste with a c rbon/nitro en ratio 

of above 15 - 20 : 1 cont in d insufficient nitrog n for oxid tion 

of th carbonaceous terial . 

Weinb r oer (1949) found fro. activated ludge experi ent 

that a 000 : Nitrogen ratio of 19. 4 : 1 '"' e nee ssary . This wa 

reinforc d by Kilgore {1953) uho gave the ratio or 13. 5 - 21.3 : 1 

for high rat filter • 

Symons and McKinney (1958) in a discussion of thg bio­

che istry of nitrogen in the synth sis of activ ted sludqe , 

commented that sufficient nitrogen must b available initially in 

thi process for tho yntheaia demand to be satisfied . Inorg nic 

chemical nitrogens wero suitable rcr suppl mentation . 

Johns ton (1968 ) claimed tha t the ma~imum 800 : N ratio 

per i sible in biological treat ent w s 17 - 20 : 1. 

Coal nd Caudy (1969) used anhydrou am onia ~s a nitrogen 

supplement for the treat ent of carbohydrate wastes by activated 

sludge , and concluded th6 optimum nitrogen level depended on 

reactor detention time , allowable nitrogen le kage in the efflu nt 

and d sired affluent quality . 

D n1trific tion 

itrog n 1 b co lng incr singly import nt e pollutant . 

Uno xi di ed nitrogen er t oxyge d nd on t l'W ys. and 

th oxidised an unoxidia d nitr g n contribut to th ov r -

fertilis ion r eutr icati r tic environ nt • Thi i 

t ught to ccur b cau e nitr g 1 , uantly 11 i in ractor 

in t row th of lg end other a u tic pl nt in th • nvir n-

nt • itro rr t an ntr ta II y ov r co a 

th1 11 itati "· tha d c po ition t c n ue t 1 1 loo 
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xart too high n xyg n d rtd on th nviron nt which y 

b co n erobic nd "d d" . 

Nitrogen r oval from th waste strea is th er for 

beco ing ore important . nd ay b cco plished in two ain way a . 

Tha first is by conversion into s ttleable solid 

synth sis . The acond is by d nitrific tion of 

erf luent . 

, i . e . by 

nitrified 

Oenitrification w s prov n to be caused by nicro-org nism 

by Hulme (1914) . O' Sh ughn y and H witt (1935) found nitrogen 

was evolved when a nitrified solution w s allowed to stand . 

Panning r (1943) stated that the fertilising eff ct of 

nitrogen on a strea yas the same if tha nitrogen w s present as 

ammonia or nitrate , but the m nia also removed oxygen . H 

clai d well designed filter discharge filter sludge prior to 

any nitrification . 

Delwiche (1956) s id that in sowage treatment g nerally 1 

provided oxygen was present , a vigorous nitrifying flor developed . 

The organisms w re ostly oblig te erobes of the genera 

Nitro Nitrococcus or Nitrob cter . Und r anaerobic condit-

ion • d nitri ic tion w cau d by , cultative na robic 

h t rotroph • which co only produced nitrog n •• utili ing 

nitr t an alt rn tiv hydrog n cc ptor in th b enc of 

oxyg • 
hn n nd Sehr a rer (1964) dlacu ed th r ductio t 

p l ut1 n and eutrop ic t.ion by nitritic tion f lle y d nitriric-

a ti on, in odifl d ro or th ctiv t d aludg roce••· 

rtb , ul rg r, l tt nd Ettin r (1 6 ) urvey d 

nu r ot lei l tr 1 t f r nitriti a i n nd i rif-

le • T y roun r val t b erratic. ood nit i ic-

ti n nae • ry , r v 1 by enit tic tion. h th d 



of denitritication wae anaerobic treatment with a balanced 

source ot oKygan demand materiel . 
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Eckenfelder (1967) stated the moat promising method of 

nitrogen removal was by biologicel nitrification and danitrific­

ation. 

9ringmann, Kuhn and Becker (1969) described a novel method 

ror denitrification , by microbial eynthea1a of the nitrogen in the 

presence of an additionol carbon aource into biom•••• which uaa 

suitable ror animal feed . 

Bal akriahnen and Eckanfelder (1 969 ) (b) conducted 

exper i manta on denitrirication and round 

(a) The rota inc~eaaed aa the concontration or the organic 

matter increased . 

(b) Oxygen levels or 6 ~pm prevented denitrification . 

(c) Thu rata o f denitrification was in dir ect proportion to 

the sludgo concentration . 

(d) Uy nitrification folloYed by denitrification 80 - 90~ of the 

ni trogen could be removed. 

Nitrogen Losa By Other Mechanism• 

There have been s numbor or reporte 1n the literature of 

a loea ot ni t rogen rrom trickling tilters by eo•• machaniama other 

than aynth••i• and denitritication. 

Rudolta and Chamberlin (1931) reported on lo•• ot ••mania 

nitrogen from an experimental trickling tilter. The amount not 

accounted tor by nitrltication varied tro• 14 - 1~. So•• of the 

a monia waa round in the air or the tilter. Another poaaibl• lo•• 

..,.. thought to ba the ror.,.t1on or volatile •••oniu• co•pound• and 

oxides. · 

Zehender (1949) in • report on th• eli•ination ar nitrogen 
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nd pho honu in tre t nt plant • stated th t th nitrogen 

r v d d er load incre s d e and that not 11 the nitrog n 

wa found in the ludge . 

Seneden (1954} d scrib d exp ri nts in which th nitrog n 

b lane of aerated suspensions or s wag • enriched with nitrify­

ing org nis a and nitrogenous materials , uas studied. Th aim was 

to get :mine at what stage and by uhat eans organic nitrogen u s 

lost . He suggested the breakdown of a ino acid by nitrifying 

bacteria in the presence of nitrates . accounted ror the loss 

of nitrogen in ga aou form . 

Leclerc (1959) tat d tha t in a trickling filter there 

wes deficit in the nitrogen balance . mainly in the organic 

nitro en . He claimed that . although nitro gen incorporation by th 

organisms of tho filtor was consi derable , it aid not account for 

thG total loso of nitrogen . H diacounted the hypothesis of 

ammonia volatili sat ion by proteolysis, as thi s uould require a high 

pH . incompatibl e with normal filt e r opecation. He proposed the 

followin g reaction bet we 

nitrogen lo s . 

Nh2 + H 

111ino Cid 

Thi re ct.ion tJ s kno n, 

l clarc po tul t th p 

thi yd oly i • I thi 

nd ni 1fy n 0 n 

tha nit1;iti r ld CCU 

tic or ni , prod cing 

in th da n ti n re ct 

r r thi hypotha 1 L cl 

amino acid and nitrite to explain the 

02 • OM + 2 + H20 

but cid conc:U ion w n ce ry . 

nco r a ap cifi to eau 

re c io did ccu-r • r le of n trite 

w uld b or i p r r ct.ton of 

00 'id h t t ro ic t oly-

n1 rit 1 h i t ly utJ.11•• 

on net would na et ctad. av1dence 

c t t d 
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( ) The sudden c s tion or the polluting power of nitrogsnoua, 

und gr dad mat rial nd th production of nitrog n gaa on di ch rge 

to w terw y r quire explan tion . 

(b) The norm l bre kdown pathway or prot ins nd amino acid 

into a inas , mmonia, ecida , lcohols , lcohol acids and ethyl 

cids do not xpl in the nitrogen deticit . One poasibl mech ni m 

is th co plet oxidation by certain bacteria a hown by 

4 Ntt3 + 302 • 6 H2o + 2N2 

This requires a long time and tho absence of nitrite and nitr te . 

Summary of tho Conclusion from the Survel of Pr vioua Work 

(a) Nitrification wa s important in low rate trickling 

filtration . Th level of nitrate produced was frequently used 

as n indicator of purification and filter operation . A high 

level of nitrate is no longer considered desirable and it ie 

unlikely that high rate filt er uill produce a nitrified 

ef f luant . 

(b) Certain minimu l vela of nitrogen are r quired in 

relation to the organic lo d for adequate troatm nt . A typical 

maxi um r tio or 800 : N 1 20 : 1 . 

(c) itrog n lo fro trickling tilt ra nd their 

fflu nt is b co ing incr a ingly 1 portent . It occur by 

d nitrification of th efflu nt• ayntheaia or bi a a nd by 

ther achan1•••· 
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EXPCRJ TAL. 

The xp ri ental work was dona in two ajor s ctions , 

and description of th t chniques used, results obt in d and 

di u sion of these results i divided into th se two s ctions. 

Th first describes th investig tion of the nitrogen rel tionships 

in the pilot plant at dift rent recirculation ratios . The second 

describ the study of over 11 nitrog n balance by the use of 

au p nsions of flora from the pilot pl nt . 

SECTION ONE . 

ITROCEN REL ATIONSHIPS IN THE PILOT PLANT . 

The t chnique u d her was to si ult neously collect 

samples of pilot plant feed , effluent fro th filter column nd 

effluent fro the recirculation tank . The samples of 100 1 were 

preserved uith approxi atsly 1500 pp of cone ntrated (36 N) 

sulphuric acid end stored at 2oc . until analysis for total Kjeldahl 

nitrog n, monia cal nitrogen, nitrit nitrog n and nitrat 

nitrogen, as outlined in Appendix 1. Initi lly , the sa plea were 

analy d or KJ ld hl nitrog n on the day of collection . It w e 

found that thi wa giving v ry v riabl 1 vela ror th colu n and 

pl nt f tlu nt ple • Thi prob bly cau ed by un ttl&d 

u pended at ri 1 . for the l ttar p rt or th• x r1• nta , ov r-

night ett11ng w 11 w d prior to ny an lyaia. n r lly, a 

t t 1 of t lv 1 8 could be n ly d in one day . Th xi u• 

at l' till , r t pr arved "' t nty-rour OUl'S 

( p dix 1) . ith th v rnig t lding roun n c ary tor t 

j ldahl itro en, t , . pl a in ny na tch w li 1 

•d t tw lve. tr rugin the p prior t Kjel hl en ly•i• 

-



would have ov rcoma tho difficulty with au pended 

85 . 

tarial , but 

this ~ould have given n artifici lly lou suspended atter level 

and it ~ould not have been possible to obtain a meaningful indic­

at ion of the nitrogen r emova l being ccompliehod . 

Results and Discussion 

The r e ults r e s um arised in Table 14 . Pr esentation a s 

mean and range at each recirculat ion ratio for th e f eed, column 

eff luent and plant effluent indicates the typical ni t rogen level 

and the s pread of results about this . The percentege r emova l 

indicates hou th o l evel of that p rticula r form of ni t r ogen v ri e s 

fro the plant feed to th e pl ant e ffluent . It wa s ca lculated on 

the basis of the dif ference between l e ve ls in the eff luent a nd 

influent expressed as a percenta~e of th u influent . Th e manner in 

wh i ch each form of nitro g en var i ed ui th f lou rate i ~ consi dered 

in turn beloY. 

Tota l Kjeldahl Nitrogen . Thi s r epresents th e nitrogen 

pr esent a organic nitrogen and as ammoniacal nitrogen . Hence , by 

substract ion of the ammoniacal nitrogen sepa rate ly de t ermined , the 

org nic nitrogen coul d be determined . Thi s was not nor m lly worth­

while , as the organic nitrog n was g ne rally much higher th n the 

mmoniac l nitrog n , nd the a oniacal nitrog n l evel& did not 

fluctu te widely . 

Con ider t ion or th f ed Kj ldahl nitrogen lev ls and th 

800 : N r tio revs l th t the plant w con i t ntly oper ting t 

r tioe bov t xiau per i ibl v lu found in the lit r tur 

of 20 :1 . D spite this , the plant w ble to con i tently produc 

ati r ctory lev l of OD re ov 1 , a discus d in Cha pter 1 . 

lao. Kj ldahl nitrogen wa consi s tently pr ant in both the colu n 
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Tabl 14. 

Pilot Plant itrogen L vela 

F'low Ra.ts Rael re . S mpl No. of Tot l Kjeldahl 
Ig/yd3day R tio Type Sa pl G Nitrogen , NH3 + Org. Ni tr-at Nitrog n N1tr1t Nitrogen A niac 1 Nitrogen 

ppm Pl n ppm Rang pp e n ppm R nge ppm Aean PP Range ppm Pie n ppm Rang 

5034 . 6 28 . 63 PPf 11 1 ss . 1 38 . 0 o. 2s 0 . 35 0 . 01 4 . 1 4 . 5 

PPE 11 1 32. 2 67 . 0 0 . 03 0 . 10 0 . 02 2 . 9 6 . 0 
PPC 11 1 2? . 9 66 . 0 0 . 10 o. Jo 0 . 06 2. 3 6 . 4 

!C Reduction 41 . S as .n 100 (increase) 35.6 

ooo, : Nr 2'J . 3 

6595 . 4 38 . 82 PPf 12 1 
34 . 5 30. 9 0 . 22 o. Js o. oos 0 . 03 4 . 6 B. 7 

PPE 11 1 20 . 3 19. 0 0 . 01 0 . 10 o.oos 0 . 06 1. 0 2. 0 
PPC 12 1 20 . 0 20 . 0 0 . 06 0 . 20 0 . 03 0 . 07 1. 2 4 . 7 

% Reduction 41. 1 68 . 2 Nil 78 . 3 

BOO f" : Nr 25 . 2 

8914 . 9 51. 47 PPF" 21 2 40 . 5 28.0 0. 21 o. Js o. oos 0 . 04 1 .. 7 2. 1 
PP[ 21 2 10 . 4 19. 0 o. oa o. 2s 0 . 001 0 . 09 o.s 1 . 6 
PPC 21 2 12 . 0 22 . 0 0 . 01 0 . 10 0 . 03 0 . 11 0.6 2. 0 

1- Reduction 74 . 3 62 . 0 eo.o 53. 0 

eoor : NF' 26 . 7 

9420 . 0 54 . 45 PPr 6 3 39. 7 24 . 0 0. 21 o.os o. ao 0 . 01 2. 1 1 . 1 

PPE 6 3 4 . 4 s. o 0 . 10 0 . 10 0 . 01 o.o:s 0 . 1 0 . 1 

c 6 3 7 . 6 4 . 5 0 . 10 0 . 10 0 . 01 0 . 4 1 . () 1. 4 

% Reduction 8 • 63. 0 Iner •• 66 . 7 

aoo, s , 2s.s 

Ee r • 11a lant reed .. l• 
tlot Pl nt rtlu t •• l• 

• !lot Pl t col atrluen •• l• 

F I , na t I t d 1 9 n ratio 
1 r.,... t 1'1 r to ly l• 
.2 l•t n • w • t nd only th •• reault .... 

1nclud KJeld r1 uree . 
3 · war• eet l ov rnl ht . 
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nd plant efflu nt • This would sugg st that the r tio sp cifi d 

in the liter ture did not apply to the pilot plant under it 

operating conditions . as the pres nee of this f orm of ni t rogen in 

the effluent would indic te not all the f eed ni t ro gen was required 

for 800 remo val . 

The effect of r ecircul a tion ratio on the r emova l of 

Kj lda hl ni t rogen was no t c learly indica t ed on the basis of the 

r esul ts obtained . This uas because overni ght settlin~ of the 

samples uas pr actised at only two of the r ec i r culation r atios 

employed . The r esults obtained prior t o this cannot be validly 

compar ed wi th these , as the presence of unsettled mater i al gave 

lou perc entage removal . On the basis of th e r esults f r om uhen 

settl in g overni gh t was prac tised , it woul d appea r that the hi ghe r 

r ecirculation r at io and floL1 r ate ga ve a higher percentage removal 

of Kjelda hl ni t r ogen . Al so on the basis of these r esul ts , removals 

of at l eas t 70~ tota l Kjeldahl nitrogen uere likely in t he pilot 

plant . 

Ammoniacal Nitrogen , These r esul ts , and a l so the ni t ri te 

and nitrate r esults , uer consi der ed to be unaff ec t ed by whether 

or not the a pl s attl d , a s the nitrogen would be in solution 

in thes form • lso , centrifuging of the samples prior to an ly-

i for ni , nitrit and nitrate w frequently practi ed to 

void cloudy interf r nc in the nalytic l thod u ed. 

niac 1 nitrog n lev l in th fe d w r con i t ntly 

hi h r in th f d th n in th e flu nt , th lev 1 in t colu n 

nd pl nt ffluent g n r lly b ing si 11 r . cau 

vid nc of nitrific tion, the bulk of th 

probably b ing utilia d in th ynthesis ot bio ae 

th re w s no 

1 nitrog n a 

on the colu n . 



ft circulation ratio and nitrogen level did not app ar to 

relat d. 

r itrit Th l v ls in both th f ed and the 

s. 

fflu nt ere gen r l l y v ry low. Th y w re consi t ntly higher 

in the c olu n effluent than the plant effluent , and the levels in 

both were o eti as highor th n in the fa d . This would suggest 

very slight for ation of nitrite in the colu • but thi c nnot 

ba d f init ly stated becaus of the very low level that were being 

easurad . gain . recirculation ratio nd nitrite levels were not 

app rently related . 

Nitrate itrogen. As ~ith nitrite nitrogen . the levels 

were generally very low. The levels in tha reed were consistently 

hi gher than in the eff luonts . The nitrate in the feed was probably 

from the dilution yat?r from the he der tank , as this was found to 

hav nitrate l~vels of the same order . The levels in the column 

and plant erfluents differed very slightly . Higher removal of 

nitrate was accomplished at the lower recirculation ratios , but 

in tar s of actual qu ntities removed, the difrerences were vary 

inor . Th r was no videnc at any stage of nitr te production 

nd nit it'ic tion. This exp cted on th b i of th lit rat-

ur hich pr diet d th t nitrific tion wa lik ly only in low 

r t t'il t r • 

(1) T pilot pl t p r tad con iatently t : N 

rati a in th pl nt r high r tha th rec J.n he 

lit r tur , but daapit t 1 , 1 d or nic nitr n and 

a 

r 

niac 1 !tr g n w r 

v 1 in th pl nt 

lw ya r t in th rr1 ht. Th 

ti t tory et t i high rati • It 

.... 



would appear that the recommended 800 : N r tios did not apply 

to the pilot plant . 

(2) Typic lly 70% of the incoming nitrogen ~as removed 

by the filter . 

(3) There was no evidence of nitrification in the pilot 

plant . 

(4) r1ow rate and recircul a tion ratio had no apparent 

influence on mmoniacal , nitrite and nitrate nitrogen . All of 

these generally decreased in l e vel on passa~e through the plant . 

The influence of recirculat ion ratio on organic nitrogen l evels 

was unclear . 

SECTION ruo . 

STUD Y Of THf. NI TR OGEN Bfi U .NCE . 

It uas i mpossibl e to s tudy the nitrogen balance on the 

pilot plant itself , as it uas no t possibl e to de termine the ouantity 

of nitrogen being converted into bulk biomass . The technique used 

was the incubation of suspensions of flora from t he column in 

sh ke fl sks , the nitrogen concentrations in sa ples from these 

being e ured . The exp riment 1 procedure is outlined below: -

(1) Tuo g llon of liquor from the r circulation t nk 

"" r ettl d for t n inut nd the up rn t nt iphoned off . 

(2) Th s ttled te i 1 w c ntrifug d t 3500 r 

r t r inute n th lud e r cov r d. 

(3) of' ludga wer w ighed into ch of t o 

500 1 conic 1 r1 . k • 

( ) T lu dilut to 500 1 , it-h t w ter 

for h contr l f'l k nd with olution of th dditiv for th 

xperi ntal fl k •. 
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(5) The tla•ka were placed in en orbital incubator at 

2ooc . and 250 rpm for the aerated experiments , or in a standard 

incubator at 2ooc. ror the non-aerated oxparimente. 

(6) Sample• of 100 ml were taken initially end 

approximately every hour ror the duration of the experiment , 

preser ved with sulphuric acid and stored in the refri gerator for 

analyaie the following day . 

In contraate to the determination of total Kjeldehl nitro­

gen on the pilot plant samples, the shake flask samples were ~ell 

shaken prior to measuring the volume ror total Kjeldahl determin­

ation. This was so any change in the total nitrogen balance could 

be determined . Where dissolved nitrogen was determined , the sus­

pended matter waa first r emoved by centrifugation. As uith the 

pilot plant experimente , the maximum number of samples thot 

could be analysed in a batch was twelve , and generally only twelve 

samples were drawn for each experiment uith its particular 

additive. The conditions and additives usod ere shown in Table 15 . 

Reeulta 

The results are summarisod in Table 16. The procedure uaad 

in handling .. ch batch of reeults 1• shown below. Saeically an 

attempt wee ade to develop a correlation betw••n the particular 

nitro;en level end time of incubation. Thia wee to datar•ine 

the alterationa in the level• or the varlou• tor•• or the nitrogen. 

rtratly, an r teat at th• o.os level or ai;nlficance was 

uaed to determine it there wea any validity etatlatically tor 

diatinguiahing between the •••ult• tor the control ••mplea and the 

experimental eampl•• 1.e. tho•• with •n additive. 



Table 15 . 

Compounds Added . 

Aerobic ( Aer ~ted ) 

Ammonium c hlor i de and sodiuM 

ni t rite 

Ammonium chlori de a nd sodium 

ni trate 

Sodium nitri te and nitrate 

Sodium ni t rite 

Sodium ni t r a t e 

Ammo nium Chlori de 

Case in 

Lacta lbumin 

Lac t ose 

Anaerobic {Non- aeratod ) 

fmmonium chlori de nn~ sodi um 

nitrite 

Ammonium chlori ~e a n rl sod ium 

nitrate 

Sod i um nitri te and nitr a te 

91 . 

Secondly , tt1e hypothFrni s th cit the r e;_:: r us::.;ion coc.. ff icients 

for th e data wer e a ctually zero i . e . no correlation e xi sted uas 

tes t ed , aga in usin y an F test n t the o. os l e ve l . Th e data were 

c omb ined f or thi s t es t if no va li d difference had been found in 

the f ir s t tes t . 

for the r esults where a val id r egr ession existed , the 

equation of the linear r egression line ~as c alcula ted and the line 

drawn . These are shown in fi gure s 15 - 20. The equations of the 

line re given in Tabl e 16 . Ip the r egr ession was not valid , the 

r esults re expre s ed as means and ronges or s means , ranges and 

standard devia tions in Tabl e 16 . A more simple presentation of 

results is given in Tabl e 17. 



Addition 

Ammonium Ex .. . 

Chloride C 
f'ig. 15 

Lactose Ex 
r19. 16 

c 

Casein Ex 
F'ig. 17 

c 

Sodium Ex 
Nitrite C 

Sodium 
ratrate 

Lact-

tx 
c 

albumin· Ex 
Fig. 16 

c 

Nitrate- £x 

Ammonia C 

Nitrite- Ex 

Aramonia C 

f~ itrite- Ex 
rHtrate C 

Anaerobic 
t~ itrite- Ex 
Nitrate 
Fig. 20 

r-li tri ta- tx 
Ammonia 
F'i9. 19 

Nitrate- Ex 

Ammonia C 
f iC}. 19 

Addition 

Ammonium Ex 
Chloride C 

lactose 

Casein 

Ex 
c 

Ex 
c 

Sodium Ex 
Nitrite C 

Sodium 
t-4itrate 

Lact­
albumin 

E:x 
c 

Ex 
c 

fllo. ttf 
Samples 

1 

1 

6 

7 

4 

6 
6 

6 
6 

6 

5 

3 

5 

3 

6 
l 

5 

5 

3 

pW 

Table 16. 

!"Jitrugen levels in Sh ke flasks. 

Total Kjeldahl 
Nitrogen 1 ppm 

fllean R.ange S.D. 

Va29S.6 - 3.753X, 
r a -0.63 

v~2s1.a - s.7S3X, 
r • -0.63 

Y:199.3 - 2.92X, 
r o -D.B9 

169 

31{} 

210 

20? 
180 

318 

207 

194 

177 

197 

177 

203 
177 

14. 

35 

1S 

31 
28 

35 
29 

20 

11 

8 

1 

22 

1 

10 
1 

13.4J 
12.26 

4.29 

Nitrate Nitrogen 
,J 

ppm 

Mean flh:mge s.o. 

0.1 

0.15 0.1 

0.15 0.1 

0.2 0.1 

0.1 o.o 

0..4 0.6 
0.1 0.1 

0.1 

22.2 

0.1 

0.1 

32.0 
n.1 

0.1 

0.2 

0.2 

204 14 5.10 V=32.S - 2.17X 9 

r c -0.96 

V=222 . - 3.963X, 
r :: -o.s23 

V=:222 - 3.863X, 
r = -o.s23 

197 14 

eH 

1.4 10.s 

Y:31.6 - 2,.34X, 
1' ;: -0.99 

0.1 0.1 

I 
rHt-rite fll itrogen 

ppm 

Mean Range S,.O. 
I 
I 0.04 0.06 

I 
0.04 o.os 

0.03 

·0.04 o.n2 

o.o:s o. 01 

o.oo o.oo 

1.92 
0.11 

s.oo 2.14 
o.os 

0.04 
o.o:s 

o.os 

I 
0 02 

I • 

., 0.1-s 

1 0.03 

~o.so 

10.03 

I 

'' g.9 
o.o3 

0.26 

o.oo 

3.75 

0.:00 

3.20 
o.oo 

V:7.5 • 1.33X, 
r =·o.7 

V:0.44 + 1.17X, 
r = o .• 99 

0.01 

Addition 
Init. Final lnit. final 

6.a 
6.0 

s.2 
7.5 

... 10 
• 10 

+ 20 
+ 20 

+ 25 
+ 20 

+ 20 
+ 20 

+ 20 
+ 20 

- 5 
• 10 

.. 6 
- 10 

+ 15 
o · 

- 15 
0 

- 10 
- 15 

- 15 
- 10 

- 654 
- 25 

Nitra.~ 
Ammonia 

Nitrite 
Ammonia 

Ni tri t-e­
Ni trate 

Anaerobic 

Ex 
c 

Ex 
c 

£x 
c 

Nitrite- Ex 
·Nitrate 

Nitrite­
Ammonia 

Nitrate­
Amraonia 

Ex 

Ex 
c 

\ . 

~mmoniacal Nitr~gen 

ppm 
Ne.an Range 

Y:li4.9 - 1.721X 9 

r = -0.9?4 

Cloudy 
.inte-rf9renc-e. 

V: -o.& + 5.23X, 
r = 0.965 

0.4 

1.3 
1.4 

V= -0.3 + 6.62X, 
r = 0.92 

1.0 0.1 

Y:25.5 - 0.142X, 
r =-0.962 

4.0 1.3 

V:25.5 - 0.742X, 
r = -0.962 

4.0 1.3 

25.5 

4.6 

ptf. eH 

92. 

Other Components 
ppm 

Organ.le ni trcg.an 
V=254.8 ~ 2.8D6X, 

r = -o.61s 

lacts.se 
V=249.1, - 47 •. ax, 

r = -0.83 

Organic Dissolved{Ex) 
V:=104.5 - 7.91X, ... = -0.90 

_,, ..... ,• 

Organic Nitrogen(Ex) 
Y:324 - 8.95X 9 

r = -0.91 
Dissolved Kjeldahl(Ex) 
Yll199.1-4.34X 9 

r = ~0.63 ~~ 

lrdt. final lnit. rinal 

7.1 
7.4 

• 1S 
+ 15 

• 10 
+ 15 

0 
.. 15 

n 
- 15 

- 15 
- 15 

- 20 
- 15 

G + S 

+ 10 

+ 10 
0 

+ 45 

+ 45 
• 40 

1. Ta.tal Kjeldahl Ni trogan is equiualent to total ni tr,og,en except uhere nitrate and 

nitrite <lre present in quantity. 

2, 3. Equatimn based on eamhined results, as saperati-nn uas not valid. 

4. After 24 hours. 

Y • Parts .per million af component. 

X = Time since start of experiment, hours. 
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Tabl 17. 

Su ary of itrog n Changaa. 

A robic Experi ant itrogen Level 

Addition 

03 - H3 

N02 - HJ 

N02 - N03 

02 

03 

NH
3 

Ca ein 

L ct lbu in 

n ero le 

2 -

-
2 - 3 

Exp ri ental 

NH3 -ft decrea • 

H3 - decrease 

--

Total I<]' ldahl/ 
d ere ae 

Org nic d ere 

incre e 

Dis olv d organic 

decre 

O~g nic N d era 

T tal di 

d 

Total J ld hl 

d r •• 
l ~ 3 - ••• 

2 - •• 
3 er •• 
2 1ncr 

Control 

d creaa 

decre s 

-

--
--

-
--
--
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280 
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240 

Nitrogen 

ppm 

220 
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40 

Fig_ 15 
AMMONIA ADDITION 
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Experimental 
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Time Hrs. 
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400 Fig. 16 
LACTOSE ADDITON 

300 

200 
Lactose 

ppm 

100 

0 

200 

190 

Total 

Nitrogen 

ppm 
180 

Ex Experimental 

170j.._~~~-'-~~~--A'--~~~-4-~~~--'-~~~~_._~-
o 2 3 4 5 

Time Hrs 



120 

100 

80 

Nitrogen 
50 

ppm 

40 

20 

0 
0 2 

Fig. 17 
CASEIN ADDITON 

Disolved organic N 
Ex 

0 

Ex 
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Ex Experimental 

4 6 8 10 
Time Hrs 
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300 

280 

100 

Nitrogen SO 

ppm 

60 

40 

20 
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Fig. 18 

LACTALBUMIN ADDITION 

N Ex 
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Total Dissolved N Ex 
Ji! 

NH3-N 

Ex Experimental 

2 3 4 5 
Time Hrs 

x 
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220 

210 

200 

190 

Nitrogen 
180 

ppm 

30 

10 

0 

0 
)( 

2 

• 
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Fig. 19 

AMMONIA NITRATE AND 

AMMONIA NITRITE ADDITION 
J( 

4 
Time Hrs. 

Kjeldahl Nitrogen 
1 and 2 

1 " NH3-N03 
2 o NH3-N02 

1 

6 8 
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addn. 
addn. 

10 



40 

30 

Nitrogen 
20 
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10 

LIBRARY 
MASSEY .Ut-IJ.Y.E.R.SID: 

Fig . 20 

ANAEROBIC NITRITE 

AND NITRATE ADDITION 

Time Hrs 
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Discu sian 

Becau e of th li itad nu bar of &ample.a that could be 

anely ed fro ach experi nt. , in many ca es a valid regression 

wa not found . This was basically becau e of the considerable 

variability found with the s all number of amples , and becaus 

the tests for statistical validity require a very high degree 

of correlation tor s all sample nu bers . Despite this , the 

results collected provide valuable information . 

Con ideration of the initial and final pH levels and 

Redox potentials in Table 16 reveals that , although the pff lavals 

were consistently near neutral , in all the aerobic experiments , 

the pH rose during the experiment , while the r edox potential fell . 

The reverse occurred in the naerobic experiments . This indicates 

the conditions were definitely different , although strictly 

ana robic conditions would be unlikely to exist in the stationary 

flasks . The rise in the pH leve l in the lactose addition experiment 

indicates conditions were a robic and the lactose was not conver ted 

to lactic and butyric acids . 

Th r is no ovidance of nitrification occurring at ny 

stage. On the ba is of th reports in the lit r ture on method 

for d t r ining nitri,ying bility . th a robic experi nts with 

ni dd d uould h v ho n nitr t production if nltrifying 

org ni pr ant. 

Th l' 1 r1nita evi nc ,, f\ ov r 11 lo of nitr 

1 t a • t obic chlori l et .· 

d i ion exp ri d !ti p ' t 

n.l r- g 8 1" nic nitl' v 1 

r sing r .dly 1 " 1 inc · ·in • 
fld t other tor 0, itr ch n nly 11 Uy. Th.t. 

n 

8 
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nitrogen loaa conrirme the obaervat1ona or Leclerc and othara 

that a nitrogen loas doas occur from trickling filter• . Tha 

question of mechanism for thie nitrogen loss is not solved , 

however . Tha mechanism proposed by Leclerc require• the preeence 

or nitrifying organismo to provide nitrite . The action of 

nitrifying organisms wes not found . Also . if a mechanism auch as 

Leclerc • a applied to the filter. the aerobic nitrite addition 

should have enhanced the nitrogon loss . Thia was not found , and 

the added nitrite did not change in a statistically significant 

manner . A poeeible pechanism is that aleo mentioned by Leclare 

4 NH3 + 302 • 6 H20 + 2 N2 

Thia requires the absence of nitrites and nitrates and is slow. 

It is e possibility in view of the evidence that no total nitrogen 

lose was validly found for the nitrite and nitrate addition 

experiments . This uas probably because of the stringent statis­

tical requirements, howevor , and provides only flimsy evidence 

for this reaction . 

Conditions in tha aerobic shake flasks may have been 

auff iciently anaerobic ror anaerobic denitrification to occur . 

This waa unlikely , however, ae the results in the anaerobic 

exparimanta were quite different to the aerobic on•• · The inter­

mediate , nitrite , was not found . Nitrogen lose by am~onia volatil­

isation wae unlikely , •• the naceaaary high pH waa not present . 

The decrease in diaaolved organic and total Kjeldahl 

nitrooen and the increase in ammonia nitrogen waa expected , the 

protein being hydrulyaed and converted to a•monia prior to uae by 

the organ1ama. Tho dacre3ae in ammonia, on ammonia addition , waa 

alao expected, the •••ania being utillaed by the organiame . 

There appears to have been no utilisation or nitrite or 



nitrate in the aerobic experiments. Nitrate removal wae 

expected on the baais or the pilot plant results . Possibly 

nitrogen was not in such demand in the shake flasks . Another 

102. 

possibility is that the removal or nitrate in the pilot plant 

wee by absorbtion into the biomass rather than by a biochemical 

tranerormation . 

The anaerobic experiments gave r eaulte that uere expected . 

Danitrification occurred definitely in two cases. Production or 
nitrite from nitrate was also found and thia further indicates 

danitrification along tho normal pathways was occurring . 

Conclusions 

{1) There is evidence that a loss of total nitrogen 

occurred when the organisms from the pilot plant were incubated 

under aerobic conditions . This supports the prediction of the 

literature . 

(2) There i s no evidence of th e presence of nitrifying 

organisms among those collected and incubated . Thi s does not 

support the mechan ism proposed by Leclerc for the loss of nitrogen 

from tricklinQ filters . k possible mech•niam for the lose of 

nitrogen i• 

4 NH3 + 302 • 6 H20 + 2 N2 
(l) The collect•d organiame appeared to be able to 

perform denitritication along nor~al rout•• · 
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CHAPTER 4. 

SO~E OTH£R ASPECTS OF THE EXPERI~ENTAL UNITS. 

INTRODUCTim • 

S ver l aspects of the exp rimentel pl nt are 

con ider d in thi chapt r . Th y r e not n ce sarily r lated 

to e ch other, but provi d furth r inform tion on the plants . 

Th pect cona1derad re laeto e r moval in the 1 bor tory 

plant , uxygon transfer in the pilot pl ant , and the composition, 

dig stion and pre ervation or the filt r bioma • 

LAC TO SE RE~OVAL IN THE LABORATORY SCAL( PLANT . 

Thia pl nt ua operated on a bateh-fead basis, and hence 

could be used f~r determin tion of the rute of lactose r moval . 

The method us d was simply tne collection of aampl s fro~ tha 

plant on feeding and at kno~n time intervals afterward , and the 

nalyeis of the~e sempl a for l ctoso content . Three ets of 

results wore eall~cted . ror each statistically valid linear 

regr saion equ tion for lactoe r m ining var us time was cnmputad . 

ror the third et or data d t r in tion of th 1 vela or the 

differ nt forme of n!trog n we 

re n ed in Tabl . 1 • 

" c n • e only WO 

1 a de. The ro ulte r 

•k f ter c: 1• 1 in~ , th9 

plant wa cep ble , c pl et• lacto • re val ithJ.n three hour • 

Th • , • v l incraa d with the l ngth or ti e the plant 

had bean pe.rati g, h• tin l r t eino pproxi •ly hre ti •• 
he ri inal . (The i-at of re val i the oet,icien of x in 

the aqu ti on 0 Ta l 1 ) . Thi a n t at , av t he au ch 



Period ince 

Co i stoning 

2 wauke 

3 months 

15 montha 

10 • 

Table 1a. 

Lacto a nd Nitrog n Remov 1 

L cto e Ra ining 

Equ tion 

Y • 1B5. S - 63 . 7 X 

y = 139 - 87 . 1 x 

y • 422 - 208 x 

Or~anic N itru~ n: 

v, • 14 . 2 - 1. 83 x 

(Y • pp l cto e, 

X • ti e, hours 

v1• pp Org nic 

Nitrogen) 

Complete r mov•l 3 houra 

Co pl t removal 1t 

hour 

Co plate r mov l 2 hour• 

Co pleto removal 8 hour 

Nitrat Nitrogen : M n 0. 23 pp 

• itI"ite Nitrog n i Me n 0 . 01 pp 

0. 1 pp 

ange o . 04 ppm 

Ammoniacal 

Nitrogen : Me n 3 . 6 ppm Range 3. 2 pp 

higher 1 cto e lav 1 of tho feed in the third eot of data, total 

lee to re oval w compl t•d within pproxi ately tuo hcura . 

itro n r oval wa ac p11ahed ore lowly, eight 

h ura being required for r v 1 or th org lo n1 rogen . Thar• 

w n vidence , .l rltica 1 n CCU i • .l riti att n .., .. 
n t ax tad • th "' h hy • lie •nd g nio oadi g u • • 

t • val t lacto and nitr " • c u led 

ith he hi h rate , 0 oval ' ( plue) tn h pl n 

w uld au a•• ttt.t 1 ould have bean 0 • • • hi h or anl 

l ad1n • 



Thi waa n t re aibl 1 how ver . a 

u ad during th latt r p rt or th 

105. 

at the hi her org nic lo ding 

pl nt operation , colu n 

block ge b cau of exce s growth bee m 

Any higher org nic loading would h v 

uch ore frequent . 

ado op~r tion 1 practic 1 . 

OXYGEN TRANSFER IN THE P ILOT Pl.A T 

Prior to co i sioning th pilot pl nt on it whey f d , 

n xpari ent was conduc t d to d t er in th rate of oxyg n 

tr nsf r rro tha at osphere to the liquid pa ing through the 

colu n . 

Theory 

The sulphit oxidation method w s used . This is ba ed 

on th in t ntaneoua oxid tion by oxygen of sulphite ion~, in th 

presence of c talyat , to sulphate. The amount of' ulphite 

oxidi d is proportional to the oxygen tr naterred to the solution . 

It y b estimated by me suring ulphite lauel befor and after 

oxyg n transr r , by r cting th sulphite olution uith axce s 

iodin , nd eaauring the r aidu 1 iodin aft r reduction by the 

ulphita , by titr tion with thioaulphate soluti n . 

By data ining the aunt or oxy n tran tarred to th 

• lution tter a ingle ge throug , and bv 

d ter in ti n or t r1 rat r th 11 uld thr ugh c l " • 

th i•• r , tr n t r of xy n t t 11 uid c ld 

alcul t • 

n ., n , r co rtict t t 11 i ay • 

ati y 



where KL a• ms 

N 

V (C* - C ) 

- 1 tr nsfer co tricient , hour 

• oxygen tran r r rate, lb ol /hr 

V • weight of water , lb mol 

106. 

C* a equilibriu cone ntration of oxygen , lb ole/ 

lb ola water 

C • concentration of oxygen in solution , lb mole/ 

lb ole water 

C is zero in axperi nt using the sulphite ethod , a 

the dissolved oxygen i in tantaneously combin d to form ulph te . 

Exp ntal 

Thr e gallons of 10 , 000 pp sulphite ion solution 

were prepared , cob lt chloride t 3 pp also b ing added . Sampl es 

u re collefted for sulphite determina tion before and fter 

single passage through the column . The pu p used wa th origin 1 

diaphragm pump us d for the plant, and thi had a flow rate of 

on I p rial gallon per inut • 

R ulta 

on pa s 

tr n '•r 

t • ate 

3 • lb 

Th ulphita concentration w a r ducad by 6240 pp 

9 through th 

or 791 PP•• 

n the a i or 
r xy a tr an 

c 

The 

l 

, I' t 

x 10 

h r1 

plant . Thi corr pon ed to an oxyg n 

li uid l v r te of Sl g llon/ inute , , w 0. 01 9 1 le/hr . 

re , 21 c. l ul tad • 
l la /1 l " t r . 

tar ••rat d in na ur uld h v• b n 

r te or 1 11 n/ inut ~ 
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Ther fore 

Discu sion ' 

Kla • ~o~· -0.14_9""'"""!~!"'!!!'"'--""!"'!!!~ 
33. 4 x s . 1 x 106 

• 86 hr - 1 

Thi aas transfer coerficiant co pared quite favourably 

with valu a which had pr viously b en d tar ined for 14 litr 

1 boratory fer enter, ranging fro 54 hr - 1 to 414 hr - 1 , accord­

ing to op rating condition • The pilot plant filter column w a 

therefore a r a on bly ef f ctive er tion devic • 

BIOLOGICAL CO~POSITION or TH( BIOMASS 

or TH£ f IlTtRS . 

0 tailed axa ination of the filters • biomass was not 

undert ken . Houever, microscope slide of th bio as of the 

plant were prepar ed and Cra stained at inter val • The 

orphology of th ajor types of microorgania w a noted . 

Cr m po itiv m1crococc1 w r the predomin nt for found 

in the laboratory plant . Al o pres nt in larg nu bera w re 

coryn for b ct ria , which were bipol r taining rod • Sever 1 

unknown types of proto~ wer al o ob rved . 

In the pilot pl nt, • progr al n in the pred inant 

micro rgani • wa observe • In the fir t raw ntha t o erat-

ion , th pre do in ant type were r • P itiv• aJ.cr cocci , with 

• bacteria re t in c aide • le nu ber • ra ·• •it-

i di 1 c ci re el r • t . 

Arter aix nth• ' pa at.l n t corynef re bact ri• re 

•rec "• •• ay • aaan in 1 te s. icr c cc.l are pre• t 

in f r nu era. CJ ranc like iece ch racteri tic or th 

g nua. ... • •1• • rv• • Plate a not r 
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PLATE 5 0 

BIPOLAR STAINING CELLS , CORYNEFORM TYPE . 

(MICROSCOPE MAG . 1000X) 

108 • 



PLATE 6. 

CEL LS WITH NEGA TIVELY- STAINING WALLS . 

(MICROSCOPE MAG . 1000X) 

1 09 . 
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typ round. which ,or d long ch ln with n g tiv ly-atain d 

cell wall . 

S 11 fli a inh bit d the pilot filter throughout it 

op ration . These w r not identifi d, but w re presu bly 

the typic 1 filter rly of th genus p ychoda . 

The che ic l co position of the biom of the pilot 

filter in ter s of oistur and prot in content w d t rm in d 

concurrently with the hake f la k xp ri nt • s pl of the 

centrifug d sludge wer analy ed for moi tur cont nt ( pp ndix 

and their protein content was calculated on the basis or th 

1) 

organic nitrog n content of the fir t plea tak n from the sh k 

fla k • Th results r pr sented in T ble 19. Th protein level 

of the dried ludge indicat s it suitability for use as a stock 

food or f rtiliser . 

Tabl 19 . 

Co position of th io 8 • 

Tot l olid Prot in ~ ( t dryweight) 

11 . 0 35. 

9 .. 5 43. 

9 . 5 31 . S 
e.1 1.s 
6 . 43. 

1 . :s 33. 

7. 5 3 • 

n 9 . 0 n 4. 2 a n .- n a 12. 4 
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Th b cter-1 1 concentration in th ludg w st! t d y 

pr paring dilution of th cantrifug d aludg nd c rrying out 

a pl t count u ing trypton lucos -Y t xtr ct gar and 

incub ting th plat ror three day et 2ooc. Thi te perature 

w e used a it w the on t which the column was operated. 

The b cterial concentration was found to b 2 . 41 · x 1010 

org ni / gra uet ludg • or 3. 94 x 1011 org nis.s/gra dry 

sludg • 

Th tot 1 ludge for t ty-four hours operation wa 

coll cted and cantritug d on on oec sion. The sludge production 

was 545 g of •w t • aludg t 6 . 3~ tot l olids, or 34 . 4 g on 

dry b is . Thi convert to 1. 355 x 1013 organisms per day on 

th ba is of the estimated bact ri l concentration . 

SLUDGr. DIGESTION 

A imple experiment was carried out to d tormino Yh ther 

th sludg recover d from the pilot plant by c ntrifugation could 

be digest d by Bnaerobic ns . 

Sludge from th anaerobic dig tor of th loc 1 

un1cipal Bewage works was collect d in n in ul t d v s 1 . 

Thra 

th 

fro 

pr 

ottl of 600 c . c . c p 

roll wing:-

ottla 1 - sludg f'ro 

· ot 1 2 - alud • f'r 

, c t ifug 

ttl• 

ttl 

he nt a• in coll• t 

ln T bla 2 • 

1ty "' r f'"ll d 

th 1 tor · . 

th d at r • 

ilot 

pll-ot I 

a 1 • 0 

r t r . T 

ith 500 g• 

lua 5~ y 

ga. 

• 
1oc. · 

aulta · 

or 

t 

g • 
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Table 20. 

Sludge Digestion Experiments 

Deya Since Anaerobic Sludge Anaerobic and Pilot Pilot Plant 
Start- up Plant Sludge Sludge 

1 150 cc gas burnt 300 cc gaa burnt Slight gaa 
ort production 

3 No gaa 300 cc gaa arr , No Caa 
25 gm aludga added 

1 No gaa 200 cc gaa of r No Cea 
10 No gaa 150 cc gaa arr No Cea 
14 No gaa JOO cc gas orf No Caa 

25 gm sludge added 
20 No gas No gea t~o Gas 

The anaerobic sludge appeared able to digest the pilot 

plant sludge for a period of two waeka, and then beca~e no longer 

active . Possibly centrifuged sludge uas fed too frequently , or 

more quickly than the anaerobic flora could adapt to it . The 

conditions in the bottles uore probably not ideal for the anaerobic 

organisms, and this possibly caused them to die ofr . It would 

appoar that the centrifuged sludge could be aucceaafully digeated 

by anaerobic •eane 1r a properly designed digestor and an adapted 

rlora were used. 

PRCSERVATl or THE rtLT( BIOfllASS 

The blo .. ea tro• the pilot plant wea preaarved for rutur• 

uae in the followino aannar . Centrituged sludge rrom th recircul­

ation v .. ael waa •ixed to a paaty conatituancy with a large n bar 

or aeteriala, which are listed in Table 21 . The paeta• were dried 

at ••bient t .. perature under a vacuum or 2s• Hg ror five daya , and 
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uer• then et.ore in a de p- fr-eez• . I wa hope · ha • y u .in 

a wide rang of' t ri 1 , et lea \ ao wnuld upport 

culture. 

vi ble 

T ble 21 . 

Bio a Prasarv tion 

Staril city aoil 
Steril oil rro out 1de 

the labor t.ory 
t:t ril oil rrcm a p rk 
St rile soil fro tha 

Univer ity gard n 
Clay 
r11t r aid (di to aceou 

arth) 
Gla ; be d 

Polyetyr n pi c 8 

t rial• 

Strino 
St rch 
Yullers earth 
a ntonit 
Sand 
Cellophane 
Oried by it elf 
rroz n und r p raff in 
rrozan by ite lf 

PLANT SlZ£ ran A TYPlC l f ACTO RY 

Th aiz of tricking filter installation r quir d to tr eat 

aw te tlow to 40,000 gal/d y fro . a cheese r ctory w calculated. 

Th baa1a or tha c loulation w dir ct sc 1 up of th pilot 

plan • 

n 

Jt .., .. •• med h• "' t• ha • ypJ. •i .l n , 
1 • r '" th• f 11 •• u • n in OU .. , .. 

in t nk• uld • • u tlov t 

• 8il• t he • ld • a 1 na 

iv 1 f ct y, en •• • eto • •1 u • •d· 

Th pi · 1 n e a 1• vi • • • u ' 
, 
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Bl~ at an organic loading intensity or 1 . 5 lb BOD/yd3day, at a 

recirculation ratio or 51 . 1 : 1. This ratio was near the optimum 

found tor the plant, and tho BOO removal and loading were in the 

range for a roughing treatment . A BOD loading or 1.s lb/yd3day 

was therefore chosen . 

The BOO loading on the plant • 40000 x 10 x 103 
106 

• 400 lb/day 

Therefore , the filter voluae • 1. s x 400 

• 600 ydl 

ror a circular filter of dopth eight feet , 

Diameter ·~600 x 27 x 4 
8 x -ii 

G 51 ft 

Recirculation Tank 

On the basis of the pilot plant tank or 25 gallons for a 

uaste flow of 170 gallons , the r equired volume uould be 5880 gallons. 

The tank size in the pilot plant was uaed because it was the only 

one available , and tha ratio or its size to was te flow was arbitrary . 

A a• aller tank could probably be ueed. 

R£ClRCULATINC PUl'tP SIZt . 

For tha optimum recirculation ratio or •S : 1. a pu p or 

capacity calculated below would be r quired. 

Pump capacity • •& x 40,000 
24 

• 76, 600 gallona/hour. 
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Settling Tank Size 

ror a di entation ti a of on hour, volu ot 1,666 

gallons wuuld b r quired. 

Th table b low (T ble 22) u ris a the size of plant 

r quired . 

Table 22 . 

Plant to Tr at 40 , 000 gallons/day of 

Ch es ractory l&laste. 

filter Colu n 8 ' depth , 51 ' die et r, 600 yd3 capacity 

Pu p Capacity 76 , 600 g l/hr . 

Settling Tank Capacity 1,666 g 1 . 

CONCLUSIONS 

(1) Lactose re oval in the laboratory plant was very 

r pid and generally compl ete within two hours . Or gan ic nitrogen 

remov l required eight hour • 

(2) The pilot plant colu n was an effectiv oxygen transfer 

device, with n oxy g n as t r n f er coaffici nt of 86 hr - 1• 

(3) The 11 t co n icroorg ni tound in the plant 

wer coryn torm b ct ri nd icrocccci, n a rphologic 1 b al • 

( ) Th c ntrifuged lud a or bi as tro th pilot 

lant ha a typic 1 c po 1t1on f 

pr t in . h n riad, it prot in content typically 3 ~. 

( ) T lud ould bl• o ena•ro 1c 1 tio 

in a auitably deai n d 1 t . 
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CONCLU IO s A 0 SUCCESTEO ruRTHER RESEARCH. 

A pilot-scale trickling filter c pabl of providing a 

ti factory • roughing • tr atm nt for a oompound d dairy factory 

we te wa constructed . The plant was designed on a conventional 

b ai • but w operated at high hy draulic and org nic loading 

int Asitie • BOO removals of 60 - 85~ w r typically obtained . 

Th controv r ial f i ld of th oretic 1 and mpiric l 

performanc prediction rel tion~hip for trickling filt rs was 

not re olv d. The experimental d ta collected fitt d a curv 

d scribed by the quation 

v a 11 . 110 + J . 019x - o . 0342x2 

where V • % BOO removed by the filter 

X a recirculat ion ratio 

This equation predicts an optimu 600 removal at r ecirculat ion 

r tio of 45 : 1 , which is considerably higher than the 10 : 1 

ratio commonly u d. The equation is sp cific to th pilot plant . 

rurther xperimental work at mor clos ly control! d hydr ulic 

nd organic loading intensities would be required to deter. in 

if th pr diction 0, th qu tion h ve wider pplic ti on . 

The pilot pl nt oparat d ti st ctorily at 0 : rati 

in th r w w t J.n th r nge 21 - 27 I 1 . Th e er high r th n 

the gener lly r 0 nd d , 20 a 1 . Despite thi • 

yplc lly 30" or th• nitr en in th• aw w te wa round in th 

plant ff'lu nt . Th re n evi enee of nit 1tication in h• 

p11 t plant. ru thar atudy , l ot ai-tor nc at ran t 

0 • rati a uld cl•· J.ty uhath r th rec nde re 1 applied 

to thi ty • ot lan • 
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Study of th nitrog n balanc or bio • tro th plant 

1ncub ted in aqu ou auspen ion indicated that • n t lo a of 

nitrogen occurr d und r both erobic and naerob!c condition • 

0 nitrific tion under ana robic conditions ppeared to follow 

norm 1 pathways , but the ch nism for the robic nitrog n lo 

w not d ter~inod . There w s no videnc of the pres nc of 

nitrifying org nisms , which could possibly be r sponaible for 

rob!c conditions , ecording to l clerc nitrogen loss under 

(1959) . rurth r r rch u ing gre t r s mpl nu b rs would 

provide more infor ation on po sibl 

lo • 

chani e for this nitrogen 
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APPEND IX 1 

ANA LYTICAL MtTHODS 

This uas estimated using the volumetric emi - micro 

method of Somogyi (1 945) . This is ba ed on ths u e of an 

lk line copp r tartrate reagent . 

Biochemical Oxygen Demand ( BOO ) 

118 . 

The procedure giv n by tho Am~rican Public Health 

Asso ciat ion , the American Wa ter Works Association and the Wat r 

Pollution Control r aderation (1 960 ) in Standar d Me thods for th 

Examination of Wa ter and Ueu tewat er incl uding 9ot tom Sad i ments 

and Sludges , page 309 wa s followed . Seeding of th e samples was 

found to be necessary . Oxygen content uas determined us ing 

the azide modification of th e Winkler me thod for dissolved oxy gen . 

Dilutions containing 0. 25% of th e plant f aeds , 1% of th pilot 

plant efflu0nt and 10% o f the laborato ry plant aff luent g ve 

satisfactory oxy gen reductiono . Samples wer e settled fo r 

thirty minut prior to dilution . 

th • pl 

1 00 pp 

NIT OCEN DE TER 1 TIONS 

r co end d by . P. H. A., A .~ .w . A . nd .P.c.r . (1960) 

wara pr rv d for up to tw nty-rour hour 

aul huric acid nd tared et 2ooc. 
with 

Th basic 

(1 60) , p Q• 307 . 

thod u ad ~• 

For mo of th 

t t ot the A. P •• A. et l 

exper1m nt ha di till ion 

athod. attar repr ducibility t p ~ oditi d to a a i• icr 



119. 

or reeulta was obtained by this method . 

Nitrate Nitrogen 

Thia was determined by tho Brucine method , as described 

by tha A. P. H. A. et al (1960) , page 178. Nitrite intartarence waa 

encountered in the nitrite addition experiments. This was over­

come by prior measurement of the nitrite , folloYed by oxidation 

of nitrite to nitrate using acidified potassium permanganate . 

Tho total nitrate present was then deter mined and tho original 

nitrate calculatod ea the difference batweon this and tho nitrite 

concentration . 

Nitrite Nitrogen 

The mathnd givan by tho A. P . H. A. at el (1 960 ) , page 303 

~as used . This involved the use of aulphanilic acid and 

naphthylamine hydrochloride. The potential carcinogens in this 

latter material nocassitated especial care in its handling . 

Prior clarification of the samples by centrifuga tion was required . 

Ammoniacal Nitrogen 

The direct Neaalerisetion method described by the A. P. H. A. 

et el (1960) 1 page 296 was uaad. Clarification by centrifu;ation 

wee required . 

Colgurimat~ic EguJ.pment 

ror nitrite, nitrate and ammonia, an Hitachi ftad•l 101 

apectrophotomater and cells with a 1 c• lioht patch were uaed . 

Tstel Solid• Content 

This .., •• determined on the cantrifugad eludga by weighing 
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10 gma of aludga into a dried , tared and lidded moisture dish 

and drying overnight at 102oc. 

pH and aH 

These uare meaaured on a Metrohm pH meter . 
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NU BER 

1 

2 
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APPENDIX 2 

PILOT PLANT DAILY LOC SUMMARY . 

The pl ant wee commissioned using the lar 245 gallon 

settling t nk . Within thr e day a brown- fawn f i l b gan 

to dev lop on the column. Because the pH dropp d to S. 2 , 

th dilut d whey 'eed of 157 gal/d y was hut ofr nd n 

ir pump u ed to a r t th ettling tank . Th stirrer 

in the tank wa l o turned on . 

Tha pH beyan to ri be~aJse of the efroct of the air 

pump . The whey feed was r started at halt th original 

rate . The pH rose to 6 . 8 by the end or the ~ ck, and 

the unpleasant odour b c a las noticeable . 

3 Th liquor in the ettling t nk began to turn brown . 

S•all f liea were noticed on the column . Growth in the 

r turn lin from the column caused a block g which 

required cle ring . Th pH ro to 7. 1 

rloc tor ation came noticeable in the ettling t nk . 

"•igot- lik larva were aleo oba rved. ecau th pH 

h d ri n o 7. 7, th• air pu p aa •witched tf . The 

d1 phrag recircul t1on pu p r tled nd wae replac d ith 

• gear pu p r a •• 11 filte r•• , wi h • 'lo te 

of 2. 66 Q&l/•in c pared wi h the 1 gal/Min Of tha 

1aph ag P• 

The eJ. pu1tp wa aw.l ched n again fo on day , •• t e pH 
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had dropped below 6 . 0. The tirr r was switched off , 

and within one day of this approximately h lf the tank 

surface was covered uith rloating floe materi 1 . 

6 The smell from the plant became obj ctionable. The 

7 

li quor colour becamo deep r d . The water f d valve 

had become shut off and was r aplaced with an orifice 

from hypodermic syringe . 

Becau the pH began to dr op , tho settling t nk volume 

was reduc d to 119 gallons in an ttompt to incr asa th 

frequency of passage of th o li quor through the column . 

This had littl o effect . 

8 In vi~ of the paper by Herding (1952 ) , a new system of 

mall recirculating tank and a larger s ottling tank far 

th net outflow from th plant wae installed . The 

original di phr gm pump was repl c d into the system , with 

an incraa ed flou r te of 2. s gal/min . The pl nt now 

had a r circul tion ratio of 40 . 6 :1 . Th• pH aoon b g n 

to ri••· 

9 Th pH during thi we k w a on v r ge 6. 5, with a r nge 

of 0 . 4. 

10 A cantrifu al pump replac d he diephr • pu p , end the 

flow rat w djuated t 2. 1 gal/ in 1 . • • acirculet-

ion retio or 43 : 1 , by eana of a get• valv on th 

pu p outlet . 
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11 Con iderabl washout from the column occurred during 

this weak . Th whey feed had failed for one day , and 

possibly th organisms had died from starv tion and h d 

been washed out . Tho pH wao typically 6 . 8 . 

12 An unplee ant odour developed on one day . Tho whey h d 

e sweet smell at this time . roaming became noti ceabl 

in the r ecirculat ion tank . 

13 The small settling tank f or th net waste flow waa 

elimina ted in an attempt to r educ the odour pro bl em 

it some times ca used . 

14 The pump flow r te was dropped to half its prov iou 

r a t e , to give a r ecircul at ion ratio of 20 . 32 : 1. 

15 The pl nt pH dropp d to 6 . 0 at thia reduced floY r ate , 

but because there uas no odour probl em it wa held t 

t hi s r ate . 

16 Th re w considerable w shout fro th colu n during 

th week. The pH ro to an av r o• of 6 . 4 . 

17 The all tilter fl.le ware p rticul rly notice ble thia 

l.18 k . Tn pu p tlow r te w a inci a ed to r circul t -

ion r tio or 30. 54 s 1 . 

1 Th chaaa whey upply c aaed becau e or the cl of the 

deiry seaaon . A recon t1tut d wh y wa ad up at a 

tr•noth or s . 1• w/v. - Th wh r ueed w • epray 
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dried rsnn t whey powder , with a typical analysis of 

14% protein , 0 . 6~ fat , 7. 0% ash , 70% l ctos , 2% iron , 

0. 5% phoephoru and 0. 5% calcium. Initially , kim milk 

powd r was incorporated into the feed, but prec i pitGt ion 

of tho protein in t e fe ed tank led to its eliminat ion . 

An in ulated f e d tank to hold tha chilled ~hey 

concontrate was installed . The metering pump rets was 

slightl y altersd so the recirculation ratio bocam 

28 • B : 1 . 

19 A plate heat exchanger coupled to a con s tant temperatur 

water tank uas fitted into the exit lins of the 

r ecirculating pump . Grnwth of biom ss caused this to 

block vary rapidly . The pumped hot water system w s 

connected insta d to a twenty- foot copper coil uhich was 

placed in the recirculation tank . This ga ve good 

tamperatur control at 2ooc . 

20 Overflou of the Ystor header t nk for on ni ght caused 

21 

22 

t rvation or th bio a 

w hout . 

The pu p tlow rat w 

on the colu n and ub quent 

round to be decreasing , and th 

pu . p was open d up to full r1ow in n tte pt to cl an 

the lin 
' 

no w th n r a t t .f. pr v.toue r t • 

There w v ry ltttl• .... h ut tro th c lu n during 

thi eek. 
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23 The pump flow rate wes increesed to a r ecirculation ratio 

38 . 8 : 1 . Thie caused a pH ri ao to typically 7. 0 . The 

pump lines required rrequont plugging with 8 bottle 

brush in ordor to hold the Flow r a t e . 

24 The feed of uhey concentrate failed for two days, end 

there was considerable washout . The plant soon 

recovered . 

25 The flow r a te was increasod to a recirculation ratio or 

26 

51 . 5 : 1 . Foaming became noticeable . 

A constant head/flou switch device was fitted at the 

top or the column , tho swi~ch being connected to thA pump . 

This was an attornpt to control the flow r ate d~spi te 

blockage i n t .1a pump lines . Ths f'loat switch l evel tJ88 

ad justed to giva a r ecircul a t ion ratio of 54 . 5 • 1 • The • 

al i ght l evel variation in the float suitch device caused 

a slight l eval variat ion in tha r ecircula tion vessel and 

thia helped to tluah out washout from the column . 

27 There waa heavy roaming in tha plent. Despite th tloat 

a~itch , the pu.p line• and the pump required cleaning. 

28 The pump etarter mochen11m t a iled and required acraping 

down to remove excaaa carbo~ Yhich uaa ceuoad by the 

frequent on/ott •wi t ching. 

29 Partially block•d pump line• caused the pump to run 

conttnuoualy. The pump linsa uere cleaned. 
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30 The pu.mp lin gain blocked up • nd th re y s con id r bl 

fo ming in the recirculation tank. Tho pu p tarter 

suitch r quired cleaning . 

31 On the failure Mgain of the pump ewiteh , the float switch 

d vice w ro oved from the y tem and the pump tlow 

rate adjusted to a recirculation ratio ~f 54 . 5 : 1. 

32 The pump lin blocked off completely . Thie was the fir t 

time thio had happened . The line& were cleared . 

33 Thu plant was shut down at the end of this week . becaus 

the experimental wnrk had been completed . ror shut- down , 

the plant wa run on w ter only for two d ys , then 

alloued to dry out , and the biomass ~a than washed out 

of the column . Noither tha concrete column nor the 

stones showed any detarior tion . 
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PP£ DIX 3 

ATHE MAT ICAL ~ 0 STATISTICAL METHODS 

C lculation of the Parabola for BOD Removal V~r u circulation 

Ra tio 

The method u d wee curvilin ar r gre sion n lysis , 

e outlined by Ezski l (1 941) . Th means of th BOO remov ls 

t th di'f rent r circul tion ratio& w r u ed in thi 

analysi • The m thod involved the deter in tion of the constant 

a . b and c in the generalised par bola , 

Y • e x bX • cx2 • 

These const nts w r dat rminod u ing stati tical t r for 

simultaneous equations in b nd c . 

Tasting of Oeer ting tquations for Trickling rilters U ina 

Exp rimental Oata . 

Tn bulk of the operating quation requir d flow 

r t to be expr ed in gad (U . S. ) . flew r tes for the 

pilot plant w r~ calcul~ ted as lg/yd3day , end war converted 

to mg d (u . s. ) on th baaia of the column dia t r , d pth 

and volu • To te t ths pplicability or the qu tiona , the 

p~ diet d parrorm nco, in terme or teed BOD r ain1ng in the 

etrlu nt , w calcul ted •nd plot ed v•r u tl w rate. The 

actual p rfor ance of the pl nt w 

~ te , nd th cu vo comp reel., 

l o pl tt d v au tlow 
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